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ABSTRACT
The relationship between wind and currents along the York 
River, a partially mixed estuary on the southwestern shore of Chesa­
peake Bay, has been examined during the period from 10 to 20 April 
1973. The wind data were measured at a location about 13 km upstream 
of the estuary mouth. The currents were measured at 3 m depth inter­
vals at 7 locations along the estuary, spaced 6 to 13 km apart, and 
across the estuary at 4 of those locations.
The analysis consisted of comparisons of longitudinal (along 
the estuary) components of wind and current velocity. The overall mean 
and linear trend were estimated and removed from the observed data.
In addition, the semi-diurnal tidal current was estimated by harmonic 
analysis and removed from the current data. In order to determine a 
relationship that was representative of the steady state adjustment of 
the wind and nontidal currents, the mean values of wind and nontidal 
current fluctuations were compared for each time of fairly steady up­
stream or downstream wind. The comparisons consisted of visual inspec­
tions of longitudinal current velocity profiles, and correlation and 
linear regression analysis of wind and current.
Two significant types of relationships between the longitudinal 
components of wind and current were found that exhibited both a time and 
spatial dependence. The first was a two-layered current relationship 
with wind that was significant in the middle section of the York River 
during the first six days of the study. Changes in surface current 
velocities were positively correlated with changes in wind velocity 
and are estimated to be between 1.4 to 2.4% of the wind velocity. The 
level of no net wind related flow is estimated to occur at about one- 
third depth. Changes in bottom current velocities were negatively 
correlated with changes in wind velocity and are estimated to be be­
tween -0.9 to -1.7% of the wind velocity.
The second type of relationship observed was a one-layered 
current relationship with wind that was significant in the upper sec­
tion of the York River during the last 3 days of the study. Changes 
in current velocities from surface to bottom were positively correlated 
with changes in wind velocity and are estimated to be between 1.1 to 
3.6% of the wind velocity. Due to the time of month and the choice 
and duration of the periods of steady winds, there is a possibility that 
a diurnal tidal current contributed to the one-layered current flow. 
Further analysis of concurrent water level measurements and wind vel­
ocities are necessary in order to determine the nature and degree of 
this relationship.
The insignificant wind and current relationship near the mouth 
of the York River during the first 6 days of the study suggests that 
other components of wind or other factors in the Chesapeake Bay may 
be significant in this area.
x
THE RELATIONSHIP BETWEEN WIND AND CURRENT 
IN THE YORK RIVER ESTUARY, VIRGINIA, APRIL 1973
I. INTRODUCTION
A. Literature Review
Wind stress is the major cause of the eddy flux of 
momentum across the air-water interface in coastal plain estuaries * 
(Pritchard, 1956; Hansen and Rattray, 1965; Officer, 1976; Wang,
1979). When a wind stress term is included in the equations of 
longitudinal and vertical motion in an estuary, the pattern of 
the wind induced water flow depends primarily on the forces and 
boundary conditions considered.
Hansen and Rattray (1965) formulated a steady state 
equation of motion which includes pressure terms for river runoff 
flow and density gradients and stress terms for surface (wind) and 
bottom friction. It also includes a constant vertical eddy viscosity 
term. The boundary conditions are no normal flow at the surface 
and bottom boundaries, and no horizontal flow at the bottom boundary.
The continuity requirement is that net horizontal flow at any section 
normal to the flow must equal river runoff flow. The equation, then 
represents a balance between the horizontal pressure forces of sur­
face slope and horizontal density gradients; and the surface, interior, 
and bottom frictional force terms.
The solution of this equation results in a two-layered wind 
induced flow pattern in which the near surface flow is in the direction 
of the wind and the near bottom flow is directed oppositely (Figure lc). 
The net wind flow is zero as required by continuity.
2
Figure 1. Horizontal Velocity Profiles of Estuarine Flows 
Associated with River Discharge, Gravitational 
Convection, and Wind Stress Proposed by Hansen 
and Rattray (1965).
a. River Discharge Flow
b. Gravitational Convection Flow
c. Wind Stress Flow
= horizontal surface velocity
= horizontal velocity
n = dimensionless depth variable 
(n = z/depth of water)
x is positive seaward, z is positive downward.
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4Weisberg (1976) observed a wind and current relationship 
in the Providence River, a partially mixed estuary on the northern 
shore of Naragansett Bay, that was consistent with the two-layered 
wind induced flow pattern formulated by Hansen .and Rattray (1965).
He examined the relationship between wind and bottom currents 
observed during a 51 day period from October to December 1972. The 
currents were measured in mid-channel near the mouth of the Providence 
River at a depth of 10.5 m (2 m above the bottom). Spectral analysis 
of the observed longitudinal (along the estuary) current indicated 
that tidal and subtidal fluctuations were dominant and of about the 
same order. The subtidal fluctuations were further examined by 
filtering the data to remove diurnal and higher frequency fluctuations. 
Time series plots of the filtered longitudinal data displayed a dis­
tinct inverse relation between wind and current flows. Cross-spectral 
)
analysis was performed on the filtered data and resulted in significant 
levels of coherence (greater than 0.90) between the longitudinal wind 
and currents for periods of 4 to 5 days. The amplitude ratio of 
current to wind was 2 - 3 %  for these periods, with the current out- 
of-phase with the wind and lagging the wind by about 4 hours. The 
subtidal bottom current fluctuations were modeled by a linear time- 
invariant stochastic model using wind as an input. The modeled and 
observed current were in close agreement with a relatively small 
(0.023) root mean square error.
Farmer and Osborn (1976) conducted an investigation of the 
time dependent effects of wind on the surface waters of Albernie
5Inlet, Vancouver Island, British Columbia. The results of the 
analysis (Farmer, 1976) indicated a significant positive relation­
ship between longitudinal wind and surface current fluctuations of 
1, 4, and 8 day periods. The data consisted of wind and current 
measurements-made over a 3 month period from February to May, 1971. 
The current velocities were measured at depths of 2 and 15 m at a 
station located in 40 m of water, on the right side of the channel 
(looking upstream), about halfway up the Inlet. Comparisons of 
time series plots of the longitudinal components of observed wind 
and current velocities indicated that the currents at the surface 
(2 m) were positively related to the wind and the currents at 
four-tenths depth (15 m) were not well related to the wind. Spectral 
and cross-spectral analysis of the observed longitudinal wind and 
surface current data resulted in wind and current spectra of almost 
identical form with a major peak at 1 day, and minor peaks at 4 and 
8 days. The diurnal peak in the surface current spectrum was not 
considered to be wholly tidal in origin, as the tides in Albernie 
Inlet are of the mixed, semi-diurnal dominant type. Further analysis 
of harmonic tidal height constituents indicated that the diurnal peak 
was 10 times greater than that which could be expected from the 
diurnal tidal currents alone. Due to the similarity of the wind and 
current spectra, Farmer considered the dominant diurnal peak in the 
surface current spectrum to be the result of diurnal wind induced 
current fluctuations. The coherence of wind and current was highly 
significant for periods greater than 10 hours, with the current 
lagging the wind for periods less than 2.5 days and leading the winds
6for periods greater than 2.5 days. Farmer’s results are significant 
in that they indicate that major wind induced surface flow may occur 
at diurnal periods. Diurnal and higher frequency fluctuations are 
often removed from current data by selective filtering as a means 
of removing the dominant tidal currents. Subsequent analysis of 
these current data are thus limited to the examination of subtidal 
(i.e. greater than a day) fluctuations. Of significance also was 
the positive relation between wind and surface current and the 
absence of any observed relation between the wind and the currents 
at four-tenths depth. Both those observations are consistent with 
the two-layered wind induced flow pattern proposed by Hansen and 
Rattray (1965).
The steady state estuarine circulation model of Hansen 
and Rattray (1965) considered the role of wind to be that of a 
surface stress operating within the bounds of the model and resulting 
in no net sectional flow. Elliott (1976) found evidence that both 
supported this treatment of wind and indicated that net sectional 
flows are related to the local longitudinal wind along the estuary.
He examined the relationships between wind, atmospheric pressure, 
current, and water level in the Potomac River, a partially mixed 
coastal plain estuary on the western shore of the Chesapeake Bay.
The measurements were made on a continual basis during the one 
year period from July 1974 to July 1975. Current velocities were 
measured at depths of 3, 8, and 12 m at a mid-channel station 
located in 15 m of water, about one-quarter of the way up the 
Potomac River. The current data were first low-pass filtered to
remove diurnal and higher frequency tidal current fluctuations.
The subsequent data analysis consisted of pairwise correlation 
analysis and empirical orthogonal function analysis. The results 
of the analysis indicated two distinct types, or modes, of response 
of the Potomac River to variations in the observed data. The first 
response mode was associated with the local longitudinal (along the 
estuary) wind and accounted,for 47% of the total current fluctuations. 
The subtidal currents displayed a two-layered response to winds 
similar to that formulated by Hansen and Rattray (1965) (Figure 2a ).
In addition, changes in mean water level and surface slopes along 
the Potomac were related to local longitudinal winds. A downstream 
wind was associated with lowered water levels and a setup of surface 
slope towards the mouth, whereas an upstream wind was associated 
with raised water levels and a setup of surface slope towards the 
head. Thus an additional flow due to the emptying and filling of 
the estuary was found to be associated with local longitudinal winds.
The second response mode accounted for about 30% of the 
total current fluctuations and was not well related to local longi­
tudinal winds or surface slope along the Potomac. In this mode the 
surface and mid-depth currents were associated with changes in water 
level along the Potomac, with landward flow being associated with an 
increase in water level and seaward flow being associated with a de­
crease in water level (Figure 2b). Elliott concluded that only 50% 
of the fluctuations in the data could be explained by local wind 
forcing and suggested that the unexplained fluctuations might be due 
to interactions between the Potomac and the Chesapeake Bay. The
Figure 2. Longitudinal Velocity Profiles of the Two 
Dominant Modes Observed in the Response 
of the Potomac River by Elliott and Wang 
(1978).
a. Mode 1 - Associated with local events.
b. Mode 2 - Associated with nonlocal events.
(After Elliott and Wang, 1978)
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9results of Elliott’s study indicate that' local wind induced flow is 
not only two-layered, as formulated by Hansen and Rattray (1965) 
but also results in net flow in the vector direction of wind.
Wang and Elliott (1978) investigated the effects of non­
local meteorological forcing on the Chesapeake Bay and Potomac River. 
Their results indicate that wind is the primary meteorological 
force associated with the nonlocal response observed by Elliott (1976) 
in the Potomac. In addition their results indicate that longshore 
winds at the mouth of the estuary can be significantly related to 
fluctuations of water level and longitudinal currents within the 
estuary, in a manner that is consistent with Ekman flux at the 
mouth. Their data was collected during the two month period from 
mid-July to mid-September 1974 and consisted of measurements of 
atmospheric pressure and wind velocity in the middle and lower Bay, 
water level along the Bay and Potomac, and near bottom current (12 m) 
in the Potomac. The current record was a segment of the year long 
record examined by Elliott (1976). The data were low-pass filtered 
to remove diurnal and higher frequency tidal fluctuations. The wind 
fluctuations during the study period were predominantly along the 
Bay and across the Potomac. The subsequent analysis consisted of 
spectral and cross-spectral analysis of the data time series. Major 
peaks in the spectra occurred at periods of 20, 5, and 2.5 days.
Twenty day fluctuations in water level along the Bay and Potomac 
were inversely related to north-south longshore winds. This apparent 
contradiction to previously observed locally induced water level and
10
slope changes was explained as possibly resulting from the over­
whelming effect of coastal Ekman transport at the Bay mouth. Five 
day fluctuations in the water level were related to east-west winds 
over the Bay. Westward winds were related to a raising of water 
level in the Bay and Potomac and eastward winds were related to a 
lowering of water level in the Bay and Potomac River. This result 
was attributed to Ekman flux occurring locally in the Bay. The 2.5
! i
day fluctuations in the water level and slope in the Bay and Potomac 
were positively related to north-south winds along the Bay and were 
believed to be the result of seiche oscillations along the Bay.
The near bottom currents in the Potomac River were related 
primarily to the lateral winds across the Potomac River for time 
scales greater than 10 days. Northeastward winds were related to 
landward flow and southwestward winds were related to seaward flow. 
Wang and Elliott hypothesized that this may be an indication of 
bottom compensating flow to an Ekman flux from the Bay into the 
surface waters of the Potomac. For time scales less than 10 days, 
the bottom currents were coherent with the north-south winds along 
the Bay and the water level and surface slope along the Potomac. 
Slopes towards the head of the estuary resulted in seaward flow and 
vice versa. Wang and Elliott again attribute this response to non­
local effects as the surface slope along the river was primarily 
related to nonlocal effects occurring in the Bay.
Of significance also in this study were the absence of 
strong longitudinal winds along the Potomac River and the relatively
11
small root mean square value of the subtidal longitudinal current
* •;
speed (0.04 m/s). This latter value is considerably smaller than 
typical bottom current speeds observed by Weisberg (1976). This 
suggests that nonlocal wind effects on estuarine currents may be of 
smaller magnitude than local wind effects. This interpretation 
could also account for the predominant local response observed by 
Elliott (1976) in the Potomac. Thus it appears that the wind and 
current relationship in estuaries is a combination of predominant 
local longitudinal wind effects and minor "longshore" nonlocal 
wind effects at the mouth of the estuary.
Wang (1979) found evidence of a spatial transition from 
one-layered to two-layered flow that was locally induced by longi­
tudinal winds . He examined the wind and current relationship in the 
Chesapeake Bay during the one month period from November to December 
1975. The data consisted of measurements of wind velocity in the 
middle and lower Bay, water level along the Bay, and current velocity 
in the upper and lower Bay. The currents were measured at one-third 
and two-thirds depths at two mid-channel stations; one station located 
in 12 m of water, one-fifth (50 km) of the way up the Bay, the other 
station located in 14 m of water four-fifths (200 km) of the way up 
the Bay. The current data were low-pass filtered to remove diurnal and 
higher frequency tidal current fluctuations. The analysis consisted 
of spectral and cross-spectral analysis of the data time series. Wang’s 
results indicated large exchanges of water between the Chesapeake Bay 
and the coastal ocean that were coherent and in-phase with the longi­
tudinal (north-south) wind for periods of 2 to 3 days, and out-of-
12
phase with the longitudinal wind for longer periods. The latter 
result was consistent with the theory of coastal Ekman flux at 
the Bay mouth.
The changes in water level and setup (slope) along the 
Bay were significantly coherent and in-phase with the local longi­
tudinal wind for periods of 2 to 3 days. Up Bay winds resulted in 
increased water levels and a wind setup towards the head of the Bay 
the converse being the case for down Bay winds. The subtidal longi­
tudinal current fluctuations at one-third and two-thirds depth in 
the lower Bay were significantly coherent and in-phase for periods 
of 2 to 3 days. They were also significantly coherent with the 
longitudinal winds for these periods, leading the wind by 90°.
This suggested that the wind induced flow in the lower Bay was one- 
layered and primarily a response to filling and emptying of the Bay.
A similar relationship between the 2 to 3 day wind fluctu­
ations in local longitudinal wind and water level and slope along 
the Chesapeake Bay was observed by Boicourt (1973). He also observed 
significant inflows and outflows of water at the Bay mouth (five times 
the magnitude of the flows associated with the gravitational circulation 
of the Bay) associated with strong fluctuations (+ 10 m/s) of the 
longitudinal wind. He hypothesized that return surges into the Bay 
associated with the down Bay winds are a recovery phenomenon that 
commences when the wind stress begins to reduce in magnitude.
In contrast to the currents in the lower Bay, the subtidal 
longitudinal current fluctuations at one-third and two-thirds depth 
observed by Wang (1979) in the upper Bay were significantly coherent
13
for periods of 2 to 3 days, with the one-third depth current lagging 
the two-thirds depth current by 90°. The one-third depth current was 
coherent and in-phase with the longitudinal wind whereas the two- 
thirds depth current was coherent with the wind, and led the wind by 
90°. This suggested a fluctuating two and one-layered wind induced 
flow in the upper Bay in which the one-third depth current appeared 
frictionally coupled with the longitudinal wind and the two-thirds 
depth current appeared primarily related to the volume changes in 
the Bay.
Wang also observed that a strong stratification tended to 
reduce the vertical eddy viscosity and therefore favored a two-layered 
response to wind. Conversely, a weak stratification favored a one- 
layered response to wind.
Based on these results, Wang formulated a conceptual 
model of the longitudinal wind driven circulation in the Chesapeake 
Bay. The equation of motion was reduced to include only three terms, 
horizontal acceleration, surface slope (pressure), and vertical eddy 
viscosity (friction). The boundary conditions for the equation 
were constant elevation at the mouth, zero water transport at the 
head or bottom, surface shear due to wind stress, and bottom shear 
proportional to water transport. In the solution, Wang represented 
the wind stress term as an oscillating harmonic function. The 
solution for typical Chesapeake Bay conditions indicated a gradual 
transition from a one-layered wind driven flow in the lower Bay, to 
a two-layered wind driven flow in the upper Bay (Figure 3b). Wang 
concluded that this transition occurs because the component of 
velocity due to wind stress and bottom friction decreases in relative
Figure 3. Water Flow, Water Level Elevation, Current 
Velocity, and Current Phase Relationship 
With Wind in the Wind Driven Estuarine Model 
Formulated by Wang (1979) for Average Chesapeake. 
Bay Conditions. \
a. Longitudinal Distribution of Water Level 
and Sectional Mean Flow, from Model 
Computation.
b. The Amplitude and Phase of Current 
Velocity in the Lower (50 km from the 
Entrance) and the Upper (200 km from the 
Entrance) Bay, From Model Computation
(A Positive Phase Difference Means Phase 
Lead, and Zero Phase is Referenced to the 
Surface Wind).
(After Wang, 1979)
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magnitude as the flow increases compared to the component of velocity
*
due to surface slope.
Wang's results appear to conflict with those of Weisberg 
(1976), in which the bottom current near the mouth of the estuary 
was directly out-of-phase with the local wind. Also Wang considered 
the one—third depth current record to be representative of the 
"near surface" currents. The results of the estuarine circulation 
model of Hansen and Rattray (1965) and the research conducted by 
Farmer (1976) indicate that significant surface flow induced by 
wind is maximum at the surface and minimal near one-third depth.
Wang's results are somewhat similar to those of Farmer (1976), 
in which the surface current midway up Albernie Inlet was generally 
in-phase with the short term local winds, but led the winds for
I
periods greater than 2.5 days. It appears, therefore, that volume
i
flux at the mouth of the estuary, associated with local winds, is 
a variable factor that sometimes results in a transition of the 
wind induced flow pattern along the estuary, from one-layered flow 
near the mouth to two-layered flow near the head. Stratification 
in the estuary appears to favor the occurrence of the two-layered 
wind induced flow pattern.
In the previous studies, the winds measured at various 
locations encompassing the respective study areas were found to 
be highly similar. Elliott (1976) observed a high degree of 
similarity between the time series of winds recorded at the Patuxent 
River Naval Station, near the mouth of the Potomac, and the Quantico
Marine Base (85 km upstream) . Wang (1979) also found the winds 
recorded at Patuxent to be significantly coherent with the winds 
recorded at the Norfolk International Airport, Norfolk, Va. for 
periods greater than 2 days. The winds at Norfolk, however, were 
considerably greater than those at Patuxent.
B. Objective
The previous studies examined current records measured 
at only one or two locations along the estuary. Wang's (1979) 
study of current records at two locations along the Chesapeake 
Bay revealed.a different wind and current relationship at each 
location. This leads to the question of the similarity of the wind 
and current relationship at 3 or more locations along an estuary.
In addition the previous studies of the wind and current relation­
ship in partially mixed estuaries examined only subtidal and lower 
frequency fluctuations in the data. Farmer (1976), however, found 
the dominant wind and current relationship in a fjord type estuary 
to be of diurnal period. This leads to the question of the relation­
ship of the diurnal and higher frequency wind and current fluctuations 
in a partially mixed estuary.
The present study addresses aspects of both these questions 
by examining the relationship between longitudinal wind and current 
at 7 locations along the estuary and 3 locations across the estuary. 
Instead of filtering the current data, to remove the tidal currents, 
the tidal currents are estimated and removed by the method of harmonic 
analysis. This has the advantage of retaining both the higher and 
lower nontidal fluctuations in the current record, that may be 
related to wind.
The objective of this study is to determine if a wind and 
current relationship, that includes diurnal and higher frequency 
fluctuations, can be found along the estuary.
II. MATERIALS AND METHODS
A. Data Sources
1. Study Area
This study examines wind and current observations taken 
along the York River during 10 to 20 April 1973. The York River 
is a coastal plain estuary, located in southeastern Virginia on 
the southwest shore of the Chesapeake Bay (Figure 4). This partic­
ular area was chosen because current data collected along the 
estuary and wind data measured at Gloucester Point were available.
The estuary is relatively broad and straight, so that the effects 
of bends and varying fetch on the wind driven currents should be 
minimal.
The York River is tidal throughout its extent, the form 
of the tidal wave being primarily progressive (Hicks, 1964). Maximum 
tidal currents are reported to be about 0.6 m/s (NOS, 1972). During 
the study period, the York River was partially stratified with 
surface salinities varying from 4 ppt at the head of the York to 
16 ppt at the mouth of the York. Surface salinities during the 
study period were typically 2 - 4  ppt less than the bottom salinities 
(VIMS, unpublished field data).
The deployment of the current meters and the results of 
the wind and current analysis suggest a logical division of the York
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Figure 4. York River Study Area Including Current 
Meter Sampling Sites and Local Wind 
Stations.
Current Meter 
O  Sampled 10 
A  Sampled 10 
<C> Sampled 16
Stations
- 16 April 1973
- 20 April 1973
- 20 April 1973
©  Wind Station
West
Point/
YORK RIVER
Barren Point
3 . 7  m Depth Contour
5 . 5  hi Depth Contour
K ilom eters
i r n:~Lnr
Lower York
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River study area into three sections as follows:
1. lower York River - extending from the mouth of 
the York to the Gloucester Point area including 
Stations Yl-1 and Yl-2
2. middle York River - extending from the Gloucester 
Point area to the Barren Point area including stations 
Y2-1, Y3-1, Y3-2, and Y4-2
3. upper York River - extending from the Barren Point
area to the head of the York at West Point
including Stations Y5-1, Y6-1, Y7-1, and Y7-2
2. Wind Data
The wind data consists of continuous measurements of wind 
velocity made at the Virginia Institute of Marine Science, Gloucester
Point, Virginia during the study period (VIMS, unpublished field data).
The wind was measured by a Bendix model 120 aerovane anemometer at 
a height of 34 m above ground level (40 m above sea level). The wind 
speed (mph) and direction (direction from which the wind blows) were 
automatically plotted on a Bendix model 141 strip chart recorder.
These records have been reviewed for consistency, and hourly averages 
of speed and direction during the study period were estimated 
visually and then tabulated.
Hourly wind measurements made during the study period at 
Langley Air Force Base, Hampton, Virginia and Patrick Henry Inter­
national Airport, Newport News, Virginia were also examined (NOAA, 
1973). These measurements consist of five minute visual averages 
of speed and direction made by an observer on an hourly basis.
3. Current Data
Current measurements were made in the York River from 10 
to 20 April 1973 by the Virginia Institute of Marine Science
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(Jacobson, 1973). Current meters were moored along the estuary at 
7 locations and across the estuary at 4 of these locations, resulting 
in a total of 11 current meter stations (Figure 4). The current 
meters were positioned at 3 meter depth intervals from surface to 
bottom at each station. Except for Stations Y2-1 and Y4-2, which 
were sampled for the entire study period, the current meter stations 
in the middle and lower York were sampled from 10 to 16 April and 
the current meter stations in the upper York were sampled from 16 to 
20 April.
The current velocities were measured by Braincon model 
1381 Histogram film recording current meters. These current meters 
measure water speed mechanically by means of a Savonius rotor. 
Direction is also measured mechanically by a large 4 foot square 
vane linked to a magnetic compass. The measurements consisted of 
20 minute averages of speed and direction.
The current data were reduced as described by Jacobson 
(1973). The results of the data reduction were computer listings 
and magnetic tapes of time series of current speed and direction at 
20 minute intervals for each current meter that operated successfully. 
The locations, depths, start and end times, and equipment mal­
functions were verified from the field notebook (Ruzecki, 1973, 
unpublished data). In all 28 current meter records were obtained, 
the rest (15), including all records at Station Y4-1, were lost 
due to equipment failure or damage (Table 1 and Appendix B).
In addition to the data reduction initially performed on 
the current meter data (Jacobson, 1973), the values of current
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direction were adjusted to true north by subtracting the 1973 
local magnetic variation (7° west) (NOS, 1969) from the magnetic 
direction. Also, the velocity values of missing data points were 
estimated by a linear interpolation between the bounding values 
of the longitudinal and lateral components of valid data points.
The data record was terminated if the missing data continued for 
two or more hours. No corrections were made for possible wave 
contamination of the surface measurements, as the relatively strong 
tidal currents in the York tend to minimize this effect on t|he 
average measured current (Ludwick, 1978).
B. Data Analysis
The prime factor considered in choosing the analytical 
procedures used in determining the relationship between wind and 
current in the estuary was the relatively short duration of the 
current records (3, 5, or 9 days) as regards the duration of 
significant wind cycles observed in the previous studies. This indi­
cated that the durations of the current records were probably too short 
for spectral analysis to be effective in determining a significant wind 
and current relationship. The short duration of the current records 
also suggested that fluctuations in the nontidal currents would most 
likely be due to local longitudinal winds along the estuary (Weisberg, 
1976; Farmer, 1976; and Wang, 1979). Thus the decision was made to. 
analyze longitudinal wind and current fluctuations from the long term 
linear trend in each wind and current record. The mean values and linear 
trends for the entire wind or current records were estimated by the 
method of least squares. As many of the observed wind fluctuations 
were on the order of a diurnal or semi-diurnal tidal cycle (Appendix 
B), the decision was made to estimate the tidal currents by the method 
of harmonic analysis, and then subtract these estimated tidal currents 
from the observed current records. This has the advantage of producing 
a "nontidal" current record that still retains fluctuations at frequencies 
other than the estimated tidal frequencies. Next the overall means and 
linear trends were subtracted from the observed longitudinal wind and 
longitudinal nontidal current records resulting in time series of wind, 
with the mean and linear trend removed, and current, with the tide, mean,
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and linear trend removed. In order to evaluate a response that 
was representative of the steady state adjustment of the currents 
to wind, the mean values of the above reduced wind and current 
records were calculated during each time of fairly steady longi-
i
tudinal wind fluctuations. Profiles of these mean longitudinal 
current values were constructed and evaluated. The degree of 
association between wind and current was then analyzed by calcu­
lating the correlation between the reduced mean wind and nontidal
current values at each station. As the distributions of the reduced
wind values during each period of fairly steady longitudinal wind 
were known, a linear regression analysis of the reduced mean wind 
and current values was performed to determine the significance and 
type of linear relationship between these two variables.
1. Scatter Diagrams of Directional Components of Observed Data .
To aid in determination of the properties of the wind and 
current data, scatter diagrams of their north - south (NS) versus 
east - west (EW) velocity components were constructed. In the case 
of the wind, the velocity was considered to be speed and direction 
towards which the wind was blowing. The components were calculated 
as follows:
NS = (speed) cos (Direction)
EW = (speed) sin (Direction)
2. Vector Average Velocity
The vector average velocity was computed for the entire 
length of each wind or current meter record in order to determine 
the net velocities recorded during the study period. The computation
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consisted of vector addition of the NS and EW components of velocity 
and division of these sums by the total number of data points as 
follows:
A A A
V = an + be 
i Nwhere a = —  E (NS).N . - 1i=l
i N
b “ N * (EW)i
1 =  1
/\
n is the unit vector in the north - south direction
e is the unit vector in the east - west direction
3. Least Squares Analysis of Major Axis of Current Flow
' To obtain an estimate of the major axis of current flow, 
a least squares analysis was employed. The analysis was designed to 
minimize the sum of the squares of the minor axis component of flow 
and is described below.
Let R_^  be a member of the n velocity vectors with speed r_^
and direction p_^  (measured clockwise from north) . Let A be the
direction of the major axis of flow. The component of speed along
the minor axis (normal to A) is then equal to r^ sin (A-p^) (Figure 
5). The sum of the squares of the minor axis components is then:
2 n 2 
E = E (r. sin(A-p.). , l li=l
The value of A that minimizes the sum of the squares is 
Aq in the following equations:
Figure 5 Scatter Diagram of Directional Components 
Velocity Showing Construction of the Best 
Fit Least Squares Major Axis.
r. = Speed of Vector R.
1 1
p. = Direction of Vector R. 
i i
X = Direction of Best Fix Major Axis
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when — 7i—  = 2  E r . cos 2 (A -p . )~,2 . i o l3 A i=l
2 2 
3 Eis positive. In the case that — x—  is negative, the value of A
d \  ■ °
found is one that maximizes the sum of squares (the orthogonal to
the major axis). A 90° adjustment to this value of Aq is then made.
The direction of the axis is chosen to be in the first two quadrants
(0° to 180°).
1
4. Longitudinal and Lateral Components of Wind and Current
The longitudinal axes for the wind data were determined 
from the general orientation of the York River. The York River has 
two major orientations with the boundary between the two occurring 
at Gloucester Point. The axis of the lower York River (Gloucester 
Point to the mouth) and middle and upper York River (Gloucester 
Point to West Point) were determined visually from nautical charts 
of the area (NOS, 1969; NOS, 1970). The directions of maximum fetch 
were chosen as the longitudinal axis for each section of the river, 
since the component of wind in these directions would be most likely 
to cause direct longitudinal flow for steady winds on the order of 
1 to 3 days (Elliott and Wang, 1978; Wang, 1979).
The longitudinal axes for each current meter station was 
determined from both the results of the least squares analysis of
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major axis of current flow and the orientation of the river channel 
in the vicinity of the current meter station. The direction which 
appeared to best represent the least squares axes for the current 
meters on the station and also channel axis in the vicinity was 
chosen as the longitudinal axis for the current meter station.
Once a choice of the longitudinal axis was made, the 
derivation of the longitudinal and lateral components of velocity 
consisted of a conversion from polar to rectangular coordinates as 
follows (using conventions employed in Section II.B.3):
x. = -r. cos (A -p .)
1 l a l
y . = r . sin (A -p.)J 3. i a i
where x^ = longitudinal speed component
y_^  = lateral speed component
A = chosen channel axis a
The sign convention is such that positive longitudinal speeds are 
upstream and positive lateral speeds are to the right when looking 
upstream.
5. Least Squares Analysis of Longitudinal Time Series
The mean and trend of the longitudinal components of each 
wind and current record over time were estimated by a linear least 
squares analysis. This method minimizes the squared differences 
between the observed values and the values corresponding to the best 
fit line to the data points. The method is explained in detail 
in Hoel (1962). The estimates obtained were the mean value, slope, 
and intercept (at the start of the record) for each wind and current
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record. "Detrended" wind and current records were then constructed 
for each observed wind and current record by subtracting the corres­
ponding linear least squares value from each observed data point as 
follows:
Xt = °t + ° + bt> t  = 1,2,o..,N
where X^ . = detrended data point at time t 
0 = observed data point at time t
0 = mean of observed data points
b = estimated slope of linear trend
6. Identification of Periods (Intervals) of Steady Winds
Periods of steady wind were determined visually from the 
time series plots of the longitudinal components of detrended wind 
for each section of the York River. In this context, the word 
"period" is taken to refer to a time interval as opposed to a 
cyclic duration. The comparison of the detrended longitudinal time 
series of wind at Gloucester Point, Newport News, and Hampton indi­
cated longitudinal winds at all three locations to be fairly similar 
when the wind speeds were greater than about 2 m/s (Appendix B). 
Based on these results, a threshold wind speed value of 2 m/s was 
used as a criterion to distinguish periods of longitudinal wind 
that could be considered to be similar throughout the study area.
7. Least Squares Harmonic Tidal Analysis
To remove the effects of the tidal current from the 
observed current records, harmonic analysis was performed on the 
detrended longitudinal current records. Due to the insufficient
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durations of the current records, the individual semi-diurnal and 
diurnal tidal constituents could not be resolved by harmonic analysis. 
As the tide in the York River is predominantly lunar semi-diurnal 
in nature (Hicks, 1964), the decision was made to estimate the lunar 
semi-diurnal (M2) constituent. In addition, the first (M4), second 
(M6), and third (M8) harmonics of this constituent were estimated 
in an attempt to model the overtides (asymmetries in the shape of 
the semi-diurnal tidal current curve). For the 10 day records at 
Stations Y2-1 and Y4-2, the first (S4) and second (S6) solar semi­
diurnal constituents were also estimated to further model the over­
tides. The lunar diurnal constituents (01 and Kl) were not estimated, 
since this could result in removal of diurnal currents related to the 
diurnal wind fluctuations which were observed in the latter half of 
the study period (Appendix B). Conversely, diurnal currents that 
remained in the records could be tidal in origin. This subject is 
addressed in the discussion section. The method employed was essen­
tially that described by Dronkers (1964) and programmed by Boon and 
Kiley (1978) and is summarized below.
Let X^ _ represent a series of current speed components 
measured at equal time intervals t = -n, -n+1, ..., 0, ..., n-1, 
n so that t = 0 is at the midpoint of the series. The total number 
of measurements is then N = 2n+l.
The measurements are then approximated using a harmonic 
series with K constituents:
K K
X(t) = X + E A„ cos a.t + E B. sin a.t 
o . , i  1 . - I  i
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where is the angular velocity of the ith constituent, and 
and B_^  are coefficients representing the constituent amplitudes. 
The mean value is estimated and removed from the record, so that 
Xq above may be neglected in the harmonic analysis. The decision 
to remove the linear trend from the data depends on the nature of 
the origin of the trend as the harmonic analysis results in an 
estimation of the trend by the harmonic constituents. As the 
linear trends in the observed data appeared nontidal in origin 
(Appendix D), the decision was made to remove the linear trend 
before the harmonic analysis.
The least squares harmonic analysis is performed by 
choosing the coefficients A. and B. that minimize the sum of theX I
squares of the differences of the observed and approximated data
-i 22 n E = I
t=-n
This occurs when
2 23E = 9E
3A. 8B. 
J 3
X(t) - X,
= 0; j = 1,2,...,K
The solution may be represented in matrix form as follows:
1— — i— — -1 — n —
A.
X
S. .
13
£
t=-n
cos a.t
X
—  ___ -1 — n —
B.
X
D. . 
13
E
t=-n xt
sin a.t
X
where the first and third terms of each expression are column vectors 
of length K and the second term is the inverse of a square 2
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dimensional vector of length K with
sij = l c (a± - V  +i c (a± + V
Dy - i c (ai - V  - 1 c (ai + y
where C(0) = N and
r ( 7 \ -  sin(NZ/2)
~ sin(Z/2)
Z ® a± + a ^ 0; i = 1,2,...,K; j = 1 , 2 , . ,K
The estimated coefficients (in this study M2, M4, M6, M8, S4, and 
S6) are further reduced to values of amplitude and phase of the form
X. (t) = R. cos (a.t - <p.)l l i  l
1 2  2
where R. = /A. + B.
1 v 1 1
and <|>. = tanl
B.
i
A.l
, 0° < 4 < 360°
The nontidal or residual current was constructed by sub­
tracting the least squares harmonic analysis estimation of the tidal 
current from the observed current data for each observation. This 
may be expressed mathematically as
Yt = Xfc - X(t) , t = 1,2,...,N
where Y = "nontidal" current at time tt
Xfc = analyzed current at time t 
N = number of data points 
K
X(t) = £ R. cos (a.t - cj>.)
• i l i i1=1
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8. Analysis of Variance
An analysis of variance was performed on each detrended 
wind and detrended nontidal current record. This is a procedure 
that aids in determining whether the variations between groups of 
averaged data values are significantly different from the variations 
of the individual data points within the groups. The purpose in 
performing this analysis was to assess the significances of the 
variation between the mean values of wind and current calculated 
during each wind period. If the variation between the groups of 
mean values is significant, then it is most likely due to some 
component associated with the fluctuation between groups and not 
with the fluctuations within groups. If this occurs, for both 
wind and current records, then it is possible to determine signifi­
cant, non-zerq, relationships between these mean values of wind and 
current. Variations between groups of mean values that are insig­
nificant indicate that the group fluctuations are most likely 
associated with components causing the fluctuations within the 
groups. If this occurs for either wind or current records, then 
significant, non-zero, relationships cannot be determined from 
these particular records.
The analysis was performed as described in Sokal and 
Rohlf (1969). It consists of comparisons of the mean sums of 
squares of data values within groups and between groups. It is 
assumed that the individual data points are normally distributed 
about their mean. This was visually confirmed from the histograms 
of the longitudinal detrended wind speeds and longitudinal detrended
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nontidal current speeds (Appendixes B and D). The variance between 
groups is considered tobe significant for F—distribution values at 
the 95% confidence level or greater.
9. Correlation
In the analysis of the correlation between the mean 
values of detrended wind and detrended nontidal current for each 
wind period, the decision was made to weight the mean values by 
the duration of their respective averaging periods. The reason 
for this decision was that the averaging periods were of unequal 
duration and the results of the initial correlation analysis 
indicated that the values averaged over longer periods of time were 
more consistent in their wind and current relationships. This 
suggested that the mean values obtained over the longer wind periods 
were less effected by "noise" (unexplained fluctuations in the data) 
and might be more representative of the steady relationship between 
wind and current than the mean values obtained over shorter wind 
periods. The weighted correlation coefficient was calculated as 
followsi
where r is the weighted correlation coefficient, x_^  and y^ are the 
mean values of wind and nontidal current for each wind period, iiu 
is the duration of the wind period (or total number of data points
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in the wind period), n is the total number of data points for the 
study .period, and L is the number of wind periods. Significance 
levels of the correlation coefficients were calculated as described 
in Hoel (1962). The value of the significance level is an estimate 
of the probability that the correlation is different from zero.
10. Linear Regression of Wind and Currents
Linear regression analysis between mean detrended wind 
values and mean detrended nontidal current values for each wind 
period was performed in order to determine the significance and 
type of linear relationship between wind and current for each 
record. In this analysis, wind was assumed to be the independent 
variable. One of the basic requirements in regression analysis is 
that the independent variable have little or no error associated 
with it. The results of the analysis of variance of detrended 
wind records indicated that most of the variance in the wind 
records occurred between groups (Table 5, Appendix B). For this 
reason, it was assumed that the error associated with the mean 
wind values was not significant enough to preclude employing 
this analysis.
The regression analysis was conducted as described in 
Sokal and Rohlf (1969). The method employed was that in which 
there are unequal sample sizes (i.e. more than one value of the 
dependent variable for each value of the independent variable).
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The samples were weighted by the number of points in the sample, 
in this case the duration of the wind period. An analysis of 
variance was conducted to determine the significance of the 
regression coefficient (assuming the dependent data points to be 
normally distributed about their mean).
III. RESULTS
A. Winds
1. Scatter Diagrams
To determine the similarity of the winds measured at 
Gloucester Point to the winds in the local area, concurrent wind 
data from Patrick Henry International Airport, Newport News,
Virginia and Langley Air Force Base, Hampton, Virginia were in­
cluded in the initial analysis of observed data. The 
scatter diagrams of the directional components of velocity for 
each wind station are given in Appendix A. The distribution of 
the directional components of the three stations appear to be
I
similar, with most of the values falling in the northwest, north­
east, and southeast quadrants. Maximum winds during the study 
period at Gloucester Point were about 8 - 10 m/s to the east. The 
maximum values at Newport News and Hampton were somewhat less (6 - 
8 m/s) but in the same general direction.
2. Vector Average Velocities
The vector average winds at Gloucester Point during the 
study were low, 1.67 m/s, and to the northeast (Table 2). This is 
not indicative, however, of the typical winds during the study 
period, since the distribution of winds is fairly circular. Typical 
wind speeds appeared to be 4 - 5 m/s. The vector average wind speeds 
at each station were quite similar, the speeds all being within 18%
38
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TABLE 2
VECTOR AVERAGE WINDS FOR THE PERIOD 
1800 10 April 1973 - 0000 20 April 1973
Average Direction* (Peg True) 
045 
041 
055
Direction towards which the wind blows
Wind Station Average Speed (m/s)
Gloucester Point, Va. 1.67
Newport News, Va. 1.50
Hampton, Va. 1.37
40
of each other and the directions within 14° of each other (Table 2). 
The closest agreement was between Gloucester Point and Newport News, 
the two closest stations.
3. Longitudinal Wind - Axes Determination and Linear Least 
Squares Analysis Over Time
The longitudinal wind axes for the York River were chosen 
to be 083° for the lower York, 111.5° for the boundary between the 
lower and middle York (area in the vicinity of Station Y2-1), and 
140° for the middle and upper York. The 083° and 140° axes were 
chosen because they appeared to be the direction of greatest fetch 
along the estuary in their respective areas. The 111.5° value is 
the vector average of the 083° and 140° axes. The 111.5° value 
was chosen for the axes for the boundary between the lower and 
middle York River because an initial correlation analysis between 
wind (for axes 083°, 111.5°, and 140°) and current at Station Y2-1 
(located in the boundary area) resulted in greatest correlation 
coefficients for the 111.5° wind axis comparisons. These results 
suggested that components of wind along both the lower York River 
axis and the middle and upper York River axis were associated with 
the currents in the boundary area, and that the 111.5° vector average 
value best modeled the effects of the 083° and 140° wind components. 
The time series plots of the following longitudinal wind speed com­
ponents of winds measured at Gloucester Point, Newport News, and 
Hampton are given in Appendix B.:
a. observed wind speed (with linear least square line 
included)
41
b. detrended wind speed
c. average detrended wind speed during each wind period.
The results of the linear least squares analysis of the wind time 
series are given in Table 3. There was a significant positive 
linear trend-from downstream to upstream winds during the study period. 
The trend was more pronounced during the first part of the study
period (10 to 16 April) than during the second part of the study
period (16 to 20 April). The trend also accounted for a greater
proportion of the observed variance during the first part of the
study. The average wind speed for each station and axis ranged from 
-1.81 m/s (downstream) during the first part of the study to 2.27 
m/s (upstream) during the second part of the study.
4. Periods of Steady Detrended Longitudinal Wind at Gloucester 
Point
Twelve "wind periods" with relatively different average 
detrended longitudinal wind components were identified during the 
study period. The duration and average detrended longitudinal wind 
components for each wind period are given in Table 4. In all there 
were about an equal number downstream and upstream wind periods.
The results of an analysis of variance of the detrended 
wind speeds are given in Table 5. The "groups" in this analysis 
consisted of the set of mean values of wind calculated during each 
wind period for each wind axis. The variance between groups was 
highly significant in all instances. About 70% of the total 
variance occurred between groups and 30% within groups. Exceptions 
to this were for the lower York River winds (axis 083°) during
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the first part of the study with 40% of the total variance between 
groups, and for the Gloucester Point area winds (axis 111.5°) and 
middle and upper York River winds (axis 140°) during the second part 
of the study with 50 - 60% of the total variance between groups.
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B . Currents
1. Scatter Diagrams
„ A review of the scatter diagrams of the directional com­
ponents of current velocity (Appendix C) reveWis several tendencies 
from both mouth to head and surface to bottom. The directional dis­
tribution of currents became increasingly linear in form for the 
upstream stations. The magnitude of the maximum upstream and down­
stream speeds also became greater for upstream stations. The magni­
tudes of the maximum speeds increased from about 0.5 m/s at Stations 
Yl-1 and Yl-2 to about 1.0 m/s at Station Y5-1. The magnitudes of the 
maximum speeds decreased from surface to bottom, with the greatest re­
corded decrease occurring between the two lowest current meters, 
usually positioned 4 and 1 meter from the bottom.
2. Vector^Average Velocities
i
The vector average currents in general displayed a two- 
layered "estuarine" type of flow during the study period (Table 6).
The average near surface currents were directed downstream along the 
channel axis and the average near bottom currents were directed up­
stream along the channel axis. The greatest average downstream 
speeds were recorded by the surface current meters (1 m below the 
surface) and ranged from 0.06 - 0.28 m/s. Similarly, the greatest 
average upstream speeds were recorded by the bottom current meters 
(1 m above the bottom) and were somewhat less than those of the 
surface current meters, ranging from 0.04 - 0.16 m/s. Stations Y2-1 
and Y3-2 had the greatest average downstream surface currents.
Station Y2-1 also had the greatest average upstream bottom currents,
VE
CT
OR
 
AV
ER
AG
E 
CU
RR
EN
TS
 
FO
R 
EN
TI
RE
 
RE
CO
RD
 
LE
NG
TH
47
N o
&
B
6
cd
cd (U
<u u
u 4-1
4-J CO 5
CO cS o
CU 3 rH
o o 1^4
4-1
a)
O
u
is o
O  O  O  JD O O P D & Q  Q  CD tD  Q  CD |D)
CO
sC3
•H
33
CO
•H
n
<U
ccCtJ
&o
0)00CO
M
CU
o4-1
O
CU
>
00
(U
Q
vO Ov O
O  i—I O
CO
oo vo rs o
vO o  co CO 
CM H  I J 
I I
v o  CO CO M J i
O N H H O  i—I I I I
CO
co
I
O  LO OO OO
cm r- o  st 
l I r^
oo co
CM CM
CM
co
•H /-CU 4-1 0000 a cuCtJ cu QCi u V-/
cu •H
> Q<5
u
o4-1TdCJ cu COCU a>
> cu sC/5V-/
ON CO 140 
O  rH  rHOO 1^  ov
CM
CO Ov HO 
O H M  
i- i O  O
o o o
CO ,—| CM LO
« 4 • e
oo cm lo st 
oo vo vo
CM cM CM CM
CM st CTV CO 
H  OHT> S
o  o  o  o  
o  o  o  o
in uo• •
rH 1—1
rH vO VO
cu CM CM
Ci CO 00 — ^
a •H cu uo U0
CtJ o • z •
si < 1—1 I—1o 00 oo
Si4-1/■—s
cu Bcu __' st r^» o st
o rH
e
o
•H
4-1 1— 1 CM
cd 1 1
4-J rH r—1
C/5 >4 >4
M  N  co rv ov
OV r-' i—( iH o
rH  O  CM O  O
i—I i—I i—I CO CO
CO CO CO CM O
N  CM H  CM vO
CM i—I O  i—I rH
O  O  O  O  O
O
OO
CO
rH  S4- I VO r —I 
t—I CM
rH
I04
CO
CTv
SM
O
vO
CO
CO
VO
uO
I
CO
>4
o  LO 00 OO
OO co vo CM 
lO VO <f M  
rH rH CO
<J- rH CTv OO 
0 0  H  CO M  
CM H  O  O
O  O  O  O
O
vO
co
CO
VOto
CM
I
CO
>4 : = r
cm n  o
CM N  N  
i— I rH i— I 
rH CO CO
CM -M OO 
CO O  rH 
O  rH H
o o o
o
O
CM
CO
O  = =st
st rs o
CM
I
st
>4 r r
48
/— \
y— \
Q,
£3
v_/
6
6
CO
to CU
cu u
j-i 4-J
4-J CO £
CO cS o
CL. jg rH
£3 o (X.
4-J
CU
Q
U
53 O
Q  £3 Q £3 Q Q
CO
3
a  cu
•H 60 
S COV4
CO cu •H >
a>
3to > 
43
60 
CUU QO
4-J
U
CU
r->- oo r^ *
rH O  rH
r^. o
rH O  
CM CM 
I
O'. o
CM O  
I CM 
I
CO
CO
3o
CU •H /~\6043 60to O cu
CU Q
CU U v__/
> •H
Q
u
o
4-J
o TO /— X
CU cu CO
> (U
Cu &CO
<D /— \  
(3 CO 60 
3  *H <U t0 K Q 
43 ^CJ
CO CM CO 
• • •
CM CO CM
co i—I i—I
rH CO CO
r~" o
rH OUO ov 
rH CM
CTV O
1^ UO 
uo r-«
co CO uo rH UO 1—
vO vo O CM CM rHo o rH O O O o
• • • • o g 0
o o o o O o O
o o o• o •
<fr o UO
rH I— 1 CO
CO co CO
O o o• G •
- * o UO z
co CO uO
rH rH rH
uo
rH
O
UO
UO
CO
UOr'»
4-J
3o
o
cu 6  
<U '
n
uo
vO
w
3<3
H
3O
•rH
4->
CO
4-J
C/3
I
UO
^  = s
I
vO>H =
Ir-^
>-> z
CM
I
49
and thus had the most pronounced two-layered circulation of all 
tfte current meter stations.
Deviations from the general two-layered circulation pattern 
occurred at Stations Yl-1 and Yl-2, near the mouth of the York 
River; Statipns Y3-1 and Y3-2, 23 km upstream of the mouth; and 
Stations Y7-1 and Y7-2, near the head of the York River. Station 
Yl-1, located 250 m south of the center of the channel, had average 
downstream currents at depths of 4 and 7 meters and an average up­
stream current at 10 meters (1 m above the bottom) during the study 
period. Station Yl-2, located 460 m north of the center of the 
channel, had average upstream currents at all depths recorded (4,
10, 13, and 16 m) during the study period. A somewhat different 
situation occurred at Stations Y3-1 and Y3-2 where there exist two fairly 
parallel channels along the York about 900 m apart, the northern one
I
being the deeper of the two. Station Y3-1, located in the southern 
channel, had a small average upstream current at a depth of 3 m (1 m 
above the bottom) during the study period. Station Y3-2, located 
in the northern channel, had strong average downstream currents at 
depths of 1 and 4 meters, and somewhat weaker average upstream 
currents at depths of 7 and 10 meters during the study period.
Stations Y7-1 and Y7-2, located in the channels just downstream of 
the Pamunkey and Mattaponi rivers respectively, had average down­
stream currents at depths of 4 and 5 meters (bottom depth 6 m) 
during the study period.
The vector average current direction was within about 10° 
or less of the channel axis for records with vector average speeds
50
of 0.05 m/s or greater. This usually included the near surface and 
near bottom current meter records. For records with vector average 
speeds less than 0.05 m/s (usually those near mid-depth), the vector 
average direction generally varied from the channel axis direction 
by 10° or more.
3. Least Squares Analysis of Major Axis of Current Flow
The results of the least squares analysis of major axis 
of current flow are given in Table 7. In general, the direction of 
the least squares axis was within 10° of the channel axis, as sug­
gested by the results of the analysis of vector average currents. 
Notable exceptions occurred at Station Y3-1, where the least squares 
axis is 33° to the south of the channel axis and Station Y7-2, where 
the least squares axis is 34° to the north of the channel axis. Due 
to the close agreement between the least squares axis and the channel 
axis, the channel axis, being the most easily determined of the two, 
was chosen as the longitudinal axis for currents.
The following longitudinal current time series plots, 
speed histograms, and current and wind scatter diagrams are given in 
Appendix D .:
a. observed current
b. estimated tidal current
c. nontidal current
d. detrended nontidal current
e. average detrended nontidal currents during each 
wind period
LE
AS
T 
SQ
UA
RE
S 
AN
AL
YS
IS
 
OF 
MA
JO
R 
AX
IS
 
OF 
CU
RR
EN
T 
FL
OW
51
o
4->aa) » c
> <u o
J-i *H 
to (d +j3 d> CtJ
cd cr -w
•h  c/a c/a
a
5-i O
cm 60 
<U
CdO v—' 
rH QJ *HCU 00 -M
Cd CtJ OC j-< a>
CtJ CU M
4d > -ha  <! Q
CO CO 
•H cd
4 3
CM
Q\
I
Ov
O
00
o
CSI
I
00
vO
cuooCO cd C•rH j-i o
% a)•H< > 4-1/—s< cd 60i—1 4-J<ua> j-iCOtjcd o '-z
e 4-JJ-4cd a o
xs <uimo >
COcuJ-Icd3oHuc/a <u
■M
4-1 <U /-sCOa 60cd (UcuX x)rd O
cdw
o  cr\
oo
vOr^.
oo vo
ov vo
r^»
<1-m coco
sT CO CO vO O' UO vO H  CM O' O- O  00 i—It—I 1^ UO UO uo CO
O  CM OO 
Oo OO OO
vo <r co cm r>- r^ - oo m co oo oo ooCM i—I i—I i—I i—I vO m  vo vo o  in in in m CM rH mco co co
a)
C  co /-v 
C3 *H 60 
Cd K <U 
,sd <  03 O
m
rH
00
m
i—t 
00
o
CM
VO
UO
vO “
UO
O
Xl
4-1p< g -sTf^O < f O c o v o  i—| <f i— vo •—< <j- H  <f n  o <r c* o
<U 's—' i— i i—I i—I i— I r—I CM i—i r—I
o
cO
•H
4-1 rH CM i—1 i—i CM CM
cd 1 1 1 i 1 1
•U rH rM CM CO OO <*■
c/a >* = = >h = s = r >* >-1 z z z >4 = =
52
o
a) co d
co cd -u
d to
d  CT 4-1 
•rH CO CO
a ■U >-»
CO CO o 
•H 0) U-l OO oo 00 00 ONcu • • • o
d rc3 o n-' rH 1—1 o oCM
pH  Cl) *H
CU 00 4J
d  cd o
a  j-i curt (D M
rd >  *H
O  <  Q
00
CO cd d
•H o
cu •H
<: > 4-1 /—\ I"- CM CM On<3 cd 00 • • • c
«H ■w <u CM 00 '■d- un
CU H CO 'TO CO CM LO O n
d O __' pH pH i—l i—1
d 4-J u
cd O o
*d a; «H
C.) >
CO
cu
M
cd
d
cf V*
CO cu
■M
4-> cu S—\ O o o CO 1— 1 CO ON
CO a 00 * « • o ’ 0 e • e
cd cu co 00 1— O VO O un
cu ,d TU CO CM CO CO CM m  ur> ON
HI o s—' pH pH pH 1—1pH tH i—1 tH
W
pH
CU
d
d
cd
o
y—S. O O O O00 a • *
<u <r z z o  = m  = m
CO CO un
>*✓ tH tH tH t—I
d
oCJ
.d
4-Jeu s
Q>
Q
<j- St in LO
H•H
PQ
<3H
4-J pH pH tH CM
cd 1 1 1 I
-P m VO r->
CO >4 = = >4 = >4 = >4
53
f. histogram of detrended nontidal current speeds
g. scatter diagram of average detrended nontidal current 
versus average detrended wind speed during each 
wind period.
A review of the time series plots of the longitudinal 
current indicated that the currents were primarily tidal, with a 
predominant lunar semi-diurnal component (12.42 hour period). The 
magnitude of the tidal current speed increased upstream and decreased 
from surface to bottom, as suggested by the scatter diagrams of 
directional current components. The observed currents displayed a 
more gradual change from flood to ebb, than from ebb to flood. This 
is an indication of overtides (asymmetries in the form of the tidal 
wave). Inequalities between the maxima of successive flood and ebb 
currents were observed in the first third and last third of the
study period. These could possibly be due to a diurnal inequality
i
in the tidal current or other nontidal causes.
4. Least Squares Analysis of Current Over Tide
The results of the linear least squares analysis of longi­
tudinal observed current time series during the study period are 
given in Table 8. The least squares line is also included in the 
time series plots of observed current and nontidal current. An 
overall pattern in the currents during the study period is evident. 
The surface currents (1 m below the surface) had negative (down­
stream) average values and positive (upstream) trends of about 0.03 
m/s/day. The bottom currents (1 m above the bottom) had positive 
average values and negative trends of about -0.03 m/s/day. The 
currents near mid-depth had the smallest linear trends during the
54
TABLE 8
RESULTS OF LEAST SQUARES ANALYSIS OF CURRENT OVER TIME 
A. Entire Record B. Record for 10 to 16 April 
Ci Record for 16 to 20 April 
(positive - upstream, negative - downstream)
Station
Depth
(m)
Average
(m/s)
Slope
(m/s/day)
Intercept
(m/s)
Fractional 
Variance of 
Observed
Yl-1 4 -0.1154 0.0150 -0.1532 0.007
it 7 -0.0069 -0.0161 0.0278 0.009
it 10 0.0324 -0.0139 0.0748 0.010
Yl-2 4 -0.0060 0.0024 -0.0028 0.000
ii 10 0.0803 -0.0500 0.2328 0.100
ti 13 0.0823 -0.0698 0.2977 0.175
ii 16 0.0610 -0.0505 0.2156 0.164
Y2-1 1 -0.2791 0.0297 -0.4245 0.039
ti 4 -0.1246 0.0080 -0.1650 0.003
ii 7 -0.0159 -0.0102 0.0320 0.006
ii 16 0.1259 -0.0185 0.2117 0.028
ti 21 0.1616 -0.0245 0.2769 0.080
Y3-1 4 0.0337 0.0103 0.0111 0.004
Y3-2 1 -0.2917 0.0266 -0.3627 0.009
n 4 -0.1156 -0.0045 -0.0968 0.000
ti 7 0.0116 -0.0235 0.0832 0.012
ii 10 0.0495 -0.0246 0.1220 0.028
Y4-2 4 -0.0590 0.0044 -0.0669 0.000
ii 7 0.1034 -0.0144 0.1657 0.008
ii 10 0.1295 0.0023 0.1147 0.000
Y5-1 1 -0.0741 0.0307 -0.1134 0.003
ii 4 0.0375 -0.2378 0.1900 0.033
it 7 0.1105 -0.0172 0.1240 0.001
Y6-1 4 0.0044 -0.0419 0.0607 0.005
ii 7 0.0612 -0.0302 0.1020 0.004
Y7-1 4 -0.0150 -0.0207 0.0112 0.003
ii 5 -0.0624 0.0366 -0.0518 0.003
Y7-2 4 -0.0954 0.0285 -0.0557 0.003
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TABLE 8 (Cont'd)
Fractional
Depth Average Slope Intercept Varianci
Station (m) (m/s) (m/s/day) (m/s) Observi
Y2-1 1 -0.3402 0.0733 -0.5362 0.065
it 4 -0.1508 0.0219 -0.2093 0.007
ri 7 -0.0114 -0.0131 0.0237 0.003
ti 16 0.1394 -0.0415 0.2504 0.044
ii 21 0.1907 -0.0504 0.3253 0.112
Y4-2 4 -0.0455 0.0130 -0.0803 0.002
it 7 0.1295 -0.0197 0.1821 0.005
Y2-1 1 -0.1958 0.0395 -0.2733 0.014
ii 4 -0.0089 0.0217 -0.1316 0.004
ii 7 -0.0220 0.0220 -0.0653 0.004
n 16 0.1077 0.0007 0.1063 0.000
ii 21 0.1220 -0.0049 0.1315 0.000
CM1Ml">* 7 0.0679 0.0462 -0.0229 0.011
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study period. The general effect was a decrease in the magnitude of 
the two-layered circulation during the study period.
In general the linear trend in the current records accounted* 
for about 2 - 3% of the observed variance. Exceptions occurred 'at 
Station Yl-2 where the linear trend accounted for 10 - 17% of the 
observed variance at depths of 10 - 13 m and Station Y2-1 where the 
linear trend accounted for 8% of the observed variance at a depth 
of 21 m.
Several current records had mean values and linear trends 
that were inconsistent with the general pattern of linear trends for 
the other current records. The current recorded at Station Y5-1 at 
4 m had a relatively large negative (downstream) trend of approximately 
0.24 m/s/day. The currents recorded at Station Y7-1 at 5 m and 
Station Y7-2 at 4 m had negative mean values and positive (upstream)
I
trends of approximately 0.04 m/s/day and 0.03 m/s/day respectively.
5. Least Squares Harmonic Tidal Analysis
The results of the least squares harmonic tidal analysis 
of the longitudinal observed current time series are given in 
Table 9. The M2 tidal constituent was dominant, typically 5 - 1 0  
times greater than the next largest constituent (usually the M4 
constituent). The changes in the tidal amplitude, both in the up­
stream direction and from surface to bottom, were in agreement with 
the trends suggested by the scatter diagrams of directional current 
components and the time series plots of observed currents. The 
tidal amplitudes became increasingly large for upstream stations.
The M2 amplitude increased from 0.3 - 0.4 m/s at Stations Yl-1 and
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Yl-2 to 0.6 - 0.8 m/s at Stations Y5—1 and Y6-1, then decreased to
0.5 - 0.7 m/s at Stations Y7-1 and Y7-2. The M2 amplitude also de­
creased from surface to bottom, with the amplitude of the bottom 
current meter typically 50 - 80% that of the surface current meter, 
and with the greatest change in amplitudes usually occurring between 
the two bottom current meters. There also appeared to be a consistent 
M2 phase difference between the surface and bottom current meters, 
with the bottom current speeds "leading" the surface current speeds 
by about 20° or 0.75 hours. The values of the amplitude and phase 
of the harmonic terms in the least squares harmonic analysis resulted 
in an asymmetry of the estimated tidal current over a tidal cycle 
that was indicative of the presence of overtides. The change from 
flood to ebb was more gradual than that of ebb to flood, as suggested 
by the time series plots of observed currents. In general this 
tendency increased for upstream stations and from surface to bottom.
6. Comparison of Variances of Observed Current, Nontidal 
Current, and Detrended Nontidal Current
Results of comparisons of the variances of the observed 
currents, nontidal currents, and detrended nontidal currents are 
given in Table 10. The average reduction in variance between the 
observed and nontidal longitudinal current speeds was 88%. This 
indicated that the least squares harmonic analysis, in particular 
the M2 tide, had modeled most of the variance in the observed records. 
The average reduction in variance between the observed and detrended 
nontidal current speeds increased slightly to 90% as expected from 
the results of the least squares analysis of observed currents.
The upstream stations had about a 5% greater reduction in variance 
than the downstream station.
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C. Wind and Current Relationship
1. Analysis of Variance of Detrended Nontidal Current
Visual inspections of the time series plots of the detrended 
nontidal currents indicated that predominant variations in the current 
data occurred within the wind period intervals as opposed to between 
the wind period intervals (Appendix D). This made it difficult to 
visually determine a relation between the time series plots of de­
trended wind and detrended nontidal current. It also raised the 
question of whether the mean values of the detrended nontidal current 
during each wind period were significantly different from each other, 
as they should be if the mean wind velocities differ in each period 
and if, in fact, there exists a significant relationship between the 
wind and current.
An analysis of variance was performed on each detrended 
nontidal current record to determine, or test, the significance of 
the differences of the variations between the mean values of the 
detrended nontidal currents during each wind period. The results 
(Table 11) indicate that although 80% of the variation in the data 
occurred within the wind period groups, the mean values of the groups 
were all significantly different, based on an F-distribution value 
at the 95% confidence level or greater. These results then suggest 
that it is possible, even likely, that a significant relationship 
existed between wind and current in the York River during the study 
period, as the group intervals were selected solely on the basis of 
the values of the longitudinal wind fluctuations.
2. Hean Longitudinal Velocity Profiles for Each Wind Period
Longitudinal velocity profiles of the average detrended 
nontidal current during each wind period are given in Appendix E.
AN
AL
YS
IS
 
OF 
VA
RI
AN
CE
 
OF
 
GR
OU
PE
D 
AN
D 
UN
GR
OU
PE
D 
DE
TR
EN
DE
D 
NO
NT
ID
AL
 
CU
RR
EN
TS
63
3 CO m ooo CN00m r-~ cn00O CTOCN cn SOo O•H PH sOo <r •StOo<tO COvO<tooNt un cnoo•stSOJC 3 0000oo CTO 00 CTO00(N00 OO oo00t>.t^-rH 4-1 o . 0 •' • • o e ' » • • -e 0' • • e #
cdf— QJ
•H tHr o o o O o o o o o o o o o o o o o1-j
o CJ•H 3
4-1 cflCJ•H 3t)H a>« LOO CN o ooCN uncn t'-CN Oo"rH OO <to o cnH ca <u(b cnCTO CO unO m CTO rH cnunrH un <t sOCN SOcn
IH > 5 3 iH rH o o CN CN rH CNo i—iCN rH. o O rH CNCN•U O • • • • o • « s • 0 • • 'a •
<uJ-i O O o o O O o o o o O o • o o O o o
COCb3a) a) o
U H  (4 
C K O  
CO S
•H  *H  3  CN
tH p4 4-1 aj•H cd CO 01
> W &PH 4-1
< CU
PQO
CN
1 3oSO •Hi—1 4-1
3
I rO CUpH •H 3CJ rH4-J CO CO >
(j-i
CN SO un i— o cn CTO CN NTcn CN CN O r—1 unO rH o o rH rH O CN tH tH rH iH rH CN CN tHO O o o O O O O'© O O O O O O o
O O c i " o O O O © o O O O O O o o
* HC HC He He HC HC He He He He He He He He He
HC He He He ■JC He He He He He He He He He He He He
SO © SO CN SO cn O sO CTO so  CTO OO -St O  CTO un oo CN un rH SO CN r~ sO 00  CN sO <t st cn ctv o
CN o OO sO CTO CN rH CTO r-» rH  N t O CTO O  O  r ' -  CTO
o un N t ■St un rH un un CN i—I ICO rH cn ICO O0 rH  oo
rH i—i rH CN rH rH r—1 rH  rH CN rH
a.c
co 3 CO•rHa*
& rC 24-1o
•H M
to & O
cu
cd
3CT1
CO 3
3 CO
M—1 3 p-
o £ 3
4-J o
s a) u3 PQ O
CO
H  CO LO 
rH rH O  
O  O  O
OO On! COo oo cm
i—I r—I o
n  oo o  oo 
O  O  tH ©o o o o 
o o o o
h  co in  m  on cn o i—Ico i—i cn i—i
o o o o
CO CM i—I O
tH r -1 rH i—I tH
O  O  O  O  O
o o o o o
CO lO  CO - f  1C|
N  CO CO VO r l
CN O  i—I rH i—I
o o o o o
o
o
OO CTO rH  r^ . 
t—I i—1 i—1 Oo o o o 
o o o o
CN Oo sO 00 
CTo CO < f CO 
O  rH  CN rH
O  O  O  O
CM C CON •H o-
CO x : d
+j o
B •H u'>w' o
T3
U CO aO <u a) COO u 0) p-a) cd £ pu o 4-J o
a* a) ua) CO PQ e?
•H tw
4-J O
e i—i
0) B <d0 4-J
ii CO O
H
un oo un
LOO CO O  
CTO OO 00
oo o  in  
CO VO H  
LO oo rH
m oo o
CTO CTO CN 
N  O ' Oo
vO OO M3 O  
CTO .H  00 OO 
S t Oo VO OO
CN CN CO CN
<t <t i— so 
mo H  co N  
H  vo O  Ml
O  O  rH O
O  CO CO M3
loo cn cn un 
vo in  N  > j
cn cn < r cn
in 00 ON cn o r - CM vo CM n
n m i n ON vO rH rH vO vO vo
CM vo oo ON 00 ON O CM
rH
rH
oo r^ vO vo < r VO r— d^- CM
o i n oo n o iH n ON *—I
ON o vo ON vO cn vO <3" CM ON
-d* ■<r r^. CM CM -<r 00 CM VO
CM o rH iH iH O o o rH O
CM oo rH i n cn o t—! vo
in n CN ON CN <d- ON rH ON in
CM o m tH vD cn ON -d-
'd - ON ON oo oo r^. r^. n cn
to
4-1 co
CO 4-1
n 3 
•H • O
O PH 
&
00 
cn r
<too
cn z z z
oo
CO Z z
o- eCU wa
S t O  CO vo •J  to  M) H H  S t N  O
CNI
= =
rHI
CN
c
64
03
3O
•H
4-J CO 
CJ
cO
>-i CO 
Ih t>
CO 00 Ov cn ov vO -3 -3 00 CM on cn vO 00 on on CM rH - CM 00 m on rv IVex oo CM CM o ov CM o rv on -3 oo•rv on OV vO Ov rv CM Ov o o vO on3Q rv rv rv 00 rv vO rv m 00 00 00 OV oo 00 OV rv VO 00 00 Ov Ov ov ov
o
d o o o o d o o o d d o o o d o d d o o d o d
co CM rH rv rH -3 vo VO CM oo rv rv -3 CM rv rv oo Ov 00 CM m IV on onCX rH rv rv OV o rv Ov CM vo in tH CM vo o on o CM rv o OV Ov on vO3
Q
CM CM CM rH CM on CM -3 t—1 tH H o rH rH O CM cn ?H rH o o o o
Mr ti d d d o o d d o o d d d O d d o o d O d d o d
CO
cx
p
cu <U o
CJ 4-1 S-i
3 C3 o
co g CM
*H •H 3 c
-U (U
03 CO 0)
> W &+J
<u
PQ
Ov VO IV 00 CM in ov 00 oo <3- MT OV VO m CM CM vO vO vO i— iOv O' on
tH t— i O rH CM i-t o o o O IV 1—1 t— i tH rH rH tH rH o i—io o i—i
O o O o o o o o o o O o o O o o O o o o o o o
d d d d o d  d o d o o d d o o d o d o o d o d
o •K -K * •so ■SO ■so -so •sc -so
•H •SO -JO * •so ■So •so -so •so -sc
4-1 ov m o CM vo OV tH IV 1— 1
3 O  CM Mf m 00 O  IV CM rH
JO <u oo o o vO on cm <r vO |v
•H 3 C/3 . . . • . . . o °
tH fH VO tH CM Ov o on vo IV IV
4-1 C3 tH cm on rH CM rH CM
co >  •H
•SO •SO •so •so ■sc * -so ■SO ■SC ■so -so ■so
■SO •SO •so •so •sc •so *  *. * •so •so -so •so •30CM oo Ov CM m 1— rv o o on o oo oo OV
CM o on tH IV oo rv o VO cn m oo on on
CM 00 Hf MT o CM -3- tH oo t— i iv OO m o
|v oo CM CM
tH
00 on vO O  
rH on
d
i— i
vo m m CM •o-
a
/—s
CO 3 CO
•H PX
e X 3v—r 4-1 o
•H
CO 13 o
cu
>-l
cd
3
CT i
C/3 3(U CO
M-l CU PX
O & 3
4-1 O
& CU H
3 PQ CJ
C/3
m  cvi m  
H H O
o  o  o
O' vO 
O  O
o  o
m  rv on
o  o  o
o  o  o
o  o  o  o
1—I ov <1- CO CM
cm i—I i—I i—I i—I
o  o  o  o  o
o  o  o  o  o
vO .— I 
I—I rH
o  o  
© o
on vo o  oo ov 
i—I O  i—I o  o
o  o  o  o  o  
0 0 0 0 0
o
d
m oo CM rv CM i—im 00 -ci- m -J VO Ov OO OO rH o rH -cr vO in on i—im m T vO on 00 tH o CM in CM 00 -3" vO o on VO on -cr on in -cr CM m
CM CM tH i—1 tH CM t— i 1— 1 o o rH O rH 1— 1o CM on i— io o o O o
d
1 •o O d d O d o o d O d O d d d d o o o d d d
M 3 CO VO CM o vO O'
<■—- •H PX IV OV m -3- O'
CO XI 3 cn rv on t— 1 00V-. 4-1 o • . * . •
•H H rv IV rH cn on
13 CJ
CO 3
cu CU CO CM 1— 1 -3- -3 CM
M CU cx 00 on CM 00 rH
3 3 3 rv IV on vO Ov
3 4J o * * . . •
CJ* CU S-i rH CM o o o
C/3 PQ CJ
4-1
O 00 on -3* o 1— 1
rH m CM rv on tH& 3 r-S m vO 00 00
3 4-1 . • . • .
C/3 o ovo tH on <3
i—i
vo < r
O  tH  
O  -3-
m  oo 
in  on 
o  ov
vo o
CM O
o  o
00 CM
cn vo
o  m  vo rH
rH d  d  d
Mf iH  
vo vo 
VO »H
O  CM VO O  vO O  r-
iH si- o- on rH ov -3
CTV 1—I I—I O  -3^ OV rH
iv  rs  in  m  m  in  m
cm o  m  oo cm
cm on v r cn ov
ov cm oo m  iH
d  d  d  d  rH
cm on o  oo oo vo oo
on iv  ov vo o  ov ov
oo on ov un vo cm rv
oo iv  in  m  m - rv  m
iH on rv m  on ov
00 CM O  rH m  vO
in  m  v  H  < t -3
on rH cm cm cm cn
in  ov n  io  on 
O  VO 00 CM tH  
I— rH CM CM r—I
0 0 0 0 0
VO CM OV H  vO 
OO O' 00 vr VO 
n  vo ov on m
-3  tH CM CM CM
a)
o
30)T3
•H
4-1
3O
CJ
CUX
3
oo
CO
cfl
4J
CO -Hn s
• o
O Ph Z
P- 6<U V-r
Q
m  vo o
ov vo rv 
-3 vO CM
oo <3 oo
CM -V. CM 
N  2  CM
-3 rv vj- rv -3 in -3 VQ rH
iH CM
rH vr rv vo
s
00
<J PQ CJ
Si
gn
if
ic
an
t 
at
 
th
e 
0.
99
 
co
nf
id
en
ce
 
le
ve
l.
65
A two-layered relationship between detrended wind and detrended 
nontidal currents is evident during the first part of the study 
period (10 to 16 April). The surface currents flowed with the wind 
and the bottom currents flowed against the wind. This was especially 
apparent in the middle York River at Stations Y2-1, Y3-1, Y3-2, and 
Y3—4. During the second part of the study period (16 to 20 April), 
a one-layered relationship is evident, with surface to bottom 
currents flowing with the wind. This was especially true for the 
upper York River stations (Stations Y4-2, Y5-1, Y6-1, Y7-1, and Y7-2). 
Station Y2-1, at Gloucester Point, displayed a decreased two-layered 
relationship from 16 to 18 April and then a one-layered relationship 
from 18' to 20 April.
The shapes of the velocity profiles of most of the stations 
during each wind period were quite similar. This suggests a continuity
i
in the overall relationship between the detrended wind and the 
detrended nontidal current along the York River. .Velocity profiles 
across the York River were only available for Stations Yl-1 and 
Yl-2. Here the shapes of the two profiles differed from each other 
more than half the time. Thus there appeared to be a different 
relationship between wind and currents across the York River near 
the mouth.
3. Correlation Analysis
The correlation coefficients for the mean values of de­
trended wind and detrended nontidal current during each wind period 
are given in Table 12. The correlation coefficients were generally 
low and insignificant near the mouth of the York River. Station Yl-1
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TABLE 12
CORRELATION COEFFICIENTS BETWEEN AVERAGE DETRENDED 
WINDS, AND AVERAGE DETRENDED NONTIDAL CURRENTS
A - entire record B - 10 to 16 April C - 16 to 20 April
Depth Correlation _i Signif ic
Station (m) Coefficient "r" Tanh (r) Level
Yl-1 4 0.420 0.448 0.56
it 7 0.344 0.358 0.46
ti 10 -0.288 -0.296 0.40
Yl-2 4 -0.092 -0.919 0.12
ii 10 -0.509 -0.561 0.67
it 13 -0.232 -0.236 0.31
ii 16 -0.305 -0.315 0.41
Y2-1 1 0.939 1.727 0.99
ii i. 4 0.085 0.085 0.20
ii 7 -0.519 -0.575 0.92
ti 16 -0.613 -0.713 0.97
ii 21
t -0.560 -0.632 0.94
Y3-1 1 4 -0.839 -1.219 0.97
Y3-2 1 0.827 1.178 0.96
ti 4 -0.492 -0.539 0.64
it 7 -0.754 -0.983 0.91
it 10 -0.755 -0.984 0.91
Y4-2 4 -0.390 -0.412 0.64
it 7 -0.652 -0.778 0.99
ii 10 -0.939 -1.732 N/A
Y5-1 1 0.934 1.689 0.99
it 4 N/A
ii 7 0.782 1.051 0.93
Y6-1 4 0.625 0.734 0.79
ii 7 0.587 0.673 0.75
Y7-1 4 0.566 0.642 0.67
it 5 0.938 1.725 0.65
Y7-2 4 0.892 1.430 0.62
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TABLE 12 (Cont’d)
Depth Correlation Significance
Station (m) Coefficient "r" Tanh (r) Level
Y2-1 1 0.924 1.616 0.99
II 4 -0.360 -0.377 0.48
It 7 -0.676 -0.821 0.84
II 16 -0.459 -0.495 0.60
II 21 -0.136 -0.387 0.50
Y4-2 4 -0.396 -0.419 0.53
ti 7 -0.797 -1.090 0.94
Y2-1 1 0.926 1.626 0.99
VI 4 0.346 0.600 0.70
tv 7 0.181 0.183 0.24
vv 16 -0.063 -0.063 0.04
vv 21 0.136 0.137 0.18
Y4-2 ! 7 0.706 0.879 0.87
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had positive correlation coefficients at 4 and 7 m and a negative 
correlation coefficient at 10 m. Station Yl-2 had negative corre­
lation coefficients at 4, 10, 13, and 16 m. The significance levels 
of the correlation coefficients at these stations ranged from 0.12 
to 0.67.
The correlation coefficients in the middle York River 
(Stations Y2-1, Y3-1, Y3-2, and Y4-2) are indicative of a significant 
two-layered relationship of the detrended nontidal currents with the 
detrended wind. The correlation was positive and high at the surface 
(1 m below the surface), ranging from 0.83 - 0.94 with significance 
levels of 0.96 - 0.99. The correlation was low and insignificant
near mid-depth (usually 4 m), being positive at Station Y2-1 and
(
negative at Stations Y3-2 and Y4-2. The significance levels at 
mid-depih range from 0.20 - 0.64. The correlations became negative 
and fairly high near the bottom, ranging from 0.56-0.94 with sig­
nificance levels ranging from 0.91 - 0.97. The correlation at 
Station Y3-1 at 4 m (1 m above the bottom) was negative (-0.84) 
and significant (0.97), whereas the correlation at Station Y3-2 at 
4 m was weakly negative (-0.49) and insignificant (0.64).
The correlation coefficients in the upper York River 
(Stations Y5-1, Y6-1, Y7-1, and Y7-2) are indicative of a fairly 
significant, positive, one-layered relationship of the detrended 
non-tidal currents with the detrended wind. The correlation co­
efficients ranged from 0.57 - 0.94, with significance levels ranging 
from 0.62 - 0.99. The correlation was highest and most significant 
at the one surface current meter at Station Y5-1.
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It appears that there was a difference between the relation­
ship of detrended winds and detrended nontidal currents in the middle 
York River than in the upper York River. To determine if the difference 
in relationship resulted from a difference in sampling location or a 
difference in sampling periods, the current records at Station Y2-1 
and Y4-2 which span the entire study period were analyzed separately 
for the first and second parts of the study. The results indicate 
a fairly significant two-layered current relationship with wind for 
the first part of the study (Table 12). The results for the second 
part of the study suggest a weak one-layered relationship at Station 
Y2-1, with the only high and significant correlation occurring at 
the 1 m current meter. Station Y4-2, however, had a fairly high 
correlation (0.71) at 7 m (significance 0.88), whereas the corre­
lation was negative (-0.80) and significant (0.94) for the first 
!
part of the study. It appears that the one-layered relationship 
occurred in both the middle and upper York River and intensified 
upstream. This indicates that the occurrence of the one-layered or 
two-layered relationships in the middle and upper York River were 
primarily related to changes in conditions over time as opposed to 
changes in location along the estuary.
4 . Regression Analysis
The results of the regression analysis of mean values of 
detrended wind and detrended nontidal current during each wind 
period are given in Table 13. The regression line and the 0.80 
confidence limits are included in the scatter diagrams of the mean 
values of detrended winds and detrended nontidal currents during
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each wind period. The regression coefficients (slopes of the 
regression line) ranged from -0.017 to 0.036 indicating that the 
current values ranged from -1,7 to 3.6% of the wind values.
The lowest levels of significance of regression coefficients 
occurred for the two stations near the mouth of the York River (Yl-1 
and Yl-2) and for current records near mid-depth. The regression 
coefficients for the current records a.t Stations Yl-1 and Yl-2 ranged 
from -0.009 to 0.012. Station Yl-1 had positive regression co­
efficients at 4 m and 7 m, and a small negative regression coefficient
at 10 m. Station Yl-2 had a small negative regression coefficient
(
at 4 m, and larger negative regression coefficients at 10 m, 13 m, 
and 16 m. The significance levels were generally 0.40 - 0.60.
The middle York River stations (Y2-1, Y3-1, Y3-2, and Y4-2) 
had regression coefficients that ranged from -0.018 to 0.024. With 
the exception of the 4 m current records at Stations Y2-1, Y3-2, and 
Y4-2, the significance levels of the regression coefficients were 
all within 0.90 - 0.99. The surface current meters (1 m below the 
surface) at Stations Y2-1 and Y3-2 had positive regression coefficients 
of 0.024 and 0.011 respectively. The current meters positioned at 
7 m or deeper, had negative regression coefficients ranging from 
-0.009 to -0.018, with the largest negative values occurring at 16 m 
for Station Y2-1 and 7 m for Stations Y3-2 and Y4-2. Station Y3-1 
had a negative regression coefficient of -0.008 at 4 m (1 m above 
the bottom) with a significance level of 0.90 - 0.95. These results 
again suggest that the middle York River had a two-layered relation 
with wind, with the detrended nontidal surface currents being
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positively related with the detrended wind, and the bottom currents 
being negatively related with the wind.
The upper York River stations (Y5-1, Y6-1, Y7-1, and Y7-2) 
had positive regression coefficients from surface to bottom that 
ranged from 0.011 to 0.036. The significance levels of the regression 
coefficients ranged from 0.70 to 0.99, with no apparent pattern to 
the distribution. This is once again suggestive of a positive one- 
layered relation occurring between detrended wind and detrended non­
tidal currents in the upper York River.
To examine whether the difference in the relationship be­
tween wind and current in the middle and upper sections of the York 
River were related primarily to different locations or different 
sampling periods, the current records at Stations Y2-1 and Y4-2 that 
spanned the entire study period were again examined separately for 
the first part (10 to 16 April) and the second part (16 to 20 April) 
of the study.
For the first part of the study, Station Y2-1 had a 
positive regression coefficient of 0.021 at 1 m depth with a sig­
nificance level of 0.99. The regression coefficients were all 
negative for the current records at 4, 7, 16, and 21 m and the 
significance levels were 0.50 - 0.70, except for the 7 m current 
record which had a significance level of 0.80 - 0.90. Station Y4-2 
had negative regression coefficients of -0.09 at 4 m (0.50 - 0.60 
significance level) and -0.020 at 7 m (0.90 - 0.95 significance level). 
This is consistent with a two-layered relationship between wind and 
current occurring during the first part of the study period.
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For the second part of the study, Station Y2-1 had positive 
regression coefficients at all depths except 16 The significance 
levels were low (0.20 - 0.50) except at the 1 m depth current meter 
which had a significance level of 0.99. Station Y4-2 had a positive 
regression coefficient of 0.015 at 7 m with a significance level 
of 0.80 - 0„90. This again suggests that the two-layered and one- 
layered relations between wind and current are related mainly to 
changes in conditions over time rather than location along the 
river.
IV. DISCUSSION
A . Winds
The comparison of the local winds in the vicinity of 
the York River during the study period indicates that the local 
wind velocities were similar when the wind speeds were greater 
than 2 m/s. This suggests that the winds measured at Gloucester 
Point are fairly representative of the winds along the entire length 
of the York River. The scatter diagrams of wind velocity components 
indicate that longitudinal and lateral winds were of similar magni­
tude during the study period. The time series plots of longitudinal
I
wind velocities indicate that the longitudinal wind fluctuations 
were on the order of 3 days or less, with half of the fluctuations 
being close to a day in length. These observed wind patterns were 
thus suggestive of a significant locally induced longitudinal wind 
and current relationship occurring in the estuary during the study 
period (Farmer, 1976; Elliott and Wang, 1978; and Wang, 1979).
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B. Currents
The observed currents were predominantly tidal, with the 
lunar semi-diurnal tide accounting for 80 - 90% of the variance of 
the longitudinal velocities. This is in contrast to the results of 
Weisberg (1976), where only half the variance of the longitudinal 
bottom current was related to tides. This also accounts for the 
difficulty in observing wind effects in the York River currents 
by visual inspection of the data time series.
The average nontidal longitudinal currents displayed a 
two-layered estuarine type of circulation downstream of Stations 
Y7-1 and Y7-2 (located near the head of the estuary) throughout the 
study period. The two-layered circulation was most pronounced in 
the middle York River, being greatest at Station Y2-1. These ob­
served conditions suggest that the York River was in the local 
response mode described by Elliott (1976), in which local wind and 
surface slopes are dominant factors in determining nontidal current 
fluctuations.
It appears that the level of no net longitudinal nontidal 
motion was located at about one half the water depth at stations 
downstream of Stations Y7-1 and Y7-2. This is consistent with the 
gravitational-convection flow pattern formulated by Hansen and 
Rattray (1965).
Of interest are the deviations from the general pattern 
of two-layered estuarine circulation that occurred both along and 
across the estuary during the study period. Near the mouth of the 
York River, the average nontidal longitudinal currents were
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predominantly downstream at Station Yl-1 and predominantly upstream 
at Station Yl-2 (700 m to the north)„ A similar observation was 
made by Carron (1976) at a location 1.5 km upstream of this location. 
This lateral change in the nontidal flow patterns is consistent with 
the Coriolis .effect on the observed two-layered estuarine circulation 
(Pritchard, 1956).
An opposite situation exists in the middle York River.
The average longitudinal nontidal current at Station Y3-1 at 4 m 
was upstream (0.04 m/s) whereas the average longitudinal nontidal 
current at Station Y3-2 at 4 m was downstream (0.11 m/s). This is 
an area where the channel divides into two parallel channels and 
decreases in overall depth. There is also a slight meander that 
occurs in this area which results in the northern station (Y3-2)
i
being on the outside of the "bend" for ebb currents and the southern 
station (Y3-1) being on the outside of the bend for flood currents. 
According to Stewart (1957) and Dyer (1976), increased currents 
occur on the outside of the channel bend due to centrifugal force, 
and this is consistent with the average nontidal currents observed.
The relatively small downstream average nontidal currents 
observed near the bottom at Stations Y7-1 and Y7-2, during the study 
period, are indications that the nontidal flow at the head of the 
York River was predominantly river flow.
The linear trends in the current records during the 
study period indicate a general decrease in the two-layered nontidal 
circulation throughout the York River. The positive linear trends 
in the bottom currents at the head of the estuary (Stations Y7-1 and
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Y7-2) may also be indications of reduced river flow occurring through­
out the study period, which is consistent with a decrease in the two- 
layered estuarine circulation pattern and stratification in the 
estuary. The decrease in the two-layered estuarine circulation was 
also coincident with a linear trend from downstream to upstream winds 
during the study period. This is significant in that it is consistent 
with a two-layered current and wind relationship operating throughput 
the study period. The general decrease in the two-layered nontidal 
circulation is also coincident with the onset of spring tides on 
15 to 16 April. According to Haas (1977), spring tides are associated 
with periods of lowered stratification in the York River. The up­
stream winds in the second part of the study period may also result 
in mixing and destratification in the York (Wang, 1979). Thus the 
river flow, winds, and tidal currents may be operating in concert to 
produce the decrease in the two-layered estuarine circulation 
observed during the study.
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C. Wind and Current Relationship
The longitudinal velocity profiles and the results of the 
correlation and regression analysis indicate two fairly significant 
wind and current relationships in the middle and upper York River.
The first relationship results in a two-layered current flow 
with the detrended nontidal surface currents positively correlated 
with the detrended wind and the detrended nontidal bottom currents 
negatively correlated with the detrended wind. This relationship 
was most pronounced during the first part of the study period (10 
to 16 April) and for stations located in the middle York River.
The regression results indicate that the wind related surface current 
velocities in the middle York River ranged from 1.4 to 2.4% of the 
wind velocity. The wind related bottom current velocities were
i
somewhat less, ranging from -0.9 to -1.7% of the wind velocity.
The two-layered current relationship with wind is consistent 
with the steady state response of current to wind formulated by 
Hansen and Rattray (1965). It is also consistent and reflective of 
the predominant response of currents to wind that Elliott (1976) 
observed at about the same relative location along the Potomac.
The surface current response in the York River is similar to that 
observed by Farmer (1976) in Albernie Inlet. The bottom current 
response is similar, but about half the magnitude, of that observed 
by Weisberg (1976) in the Providence River.
The correlation and regression analyses and the velocity 
profiles of detrended nontidal current indicate that the level of 
no net wind related currents in the York River occurs at about
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one-third the water depth. This is consistent with the wind induced 
flow pattern formulated by Hansen and Rattray (1965) for a rectilinear 
estuary. The relative magnitudes of the near bottom to near surface 
nontidal currents were, however, greater than those formulated by 
Hansen and Rattray. This may be due to the triangular cross- 
sectional form generally found along the York River. For no net wind 
driven flow to occur, the transport below and above three-tenths the 
maximum cross sectional depth must be equal and in opposite directions.'
The second significant relationship observed during the 
study results in a one-layered current flow with the detrended 
nontidal currents from surface to bottom positively correlated with 
the detrended wind. This relationship occurred only in the second
l
part of the study period (16 to 20 April) and was most pronounced in
I
the upper York River. The regression results indicate that the wind 
related velocities in the upper York River ranged from 1.1 to 3.6% 
of the wind velocity.
The one-layered current relationship with wind in the York 
River is different from that observed by Wang (1979) in the Chesapeake 
Bay. The relationship in the York River appears to have been most 
intense in the upper and middle sections of the estuary, and not the 
lower section of the estuary (Bay), as Wang observed. Also the 
relationship varied with time, as it occurred at Station Y4-2 (and 
less so at Station Y2-1) during the second part of the study, but 
not during the first part of the study. The direction of surface 
flow in the observed one-layered current relationship with wind in 
the York River is consistent with the formulation of Hansen and
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Rattray (1965) and the observations of Elliott (1976) in the Potomac, 
Farmer (1976) in Albernie Inlet, and Wang (1979) in the upper 
Chesapeake Bay. The direction of mid—depth and bottom flow, however, 
is inconsistent with the results of these studies and the observations 
of Weisberg (1976) in the Providence River.
The one-layered relationship suggests that net sectional 
wind related flows and resulting volume changes within the York 
River may have been positively related with the local longitudinal 
wind velocities. If such a relationship occurred, it would be 
similar to the nonlocal, as opposed to local, estuarine response 
observed by Elliott (1976) in the Potomac River.
The one-layered relationship could also be due in part to
i
the existence of a diurnal tidal current in the detrended nontidal
I
currents. These detrended nontidal currents are only "nontidal" in 
the sense that the major lunar semidiurnal current has been estimated 
and removed. Inequalities in successive flood and ebb currents were 
apparent in the observed data in the latter third of the study period. 
These may have resulted from a diurnal inequality in the tidal current. 
The predicted diurnal inequality in the tidal currents also increased 
in the latter part of the study period (NOS, 1972). A harmonic least 
squares tidal analysis which includes only semi-diurnal and higher 
frequency constituents, results in a tidal estimate that minimizes 
the differences between the observed diurnal inequalities and the 
estimated semi-diurnal tidal current. Thus the estimated flood 
currents would be less than the actual flood currents associated 
with the higher-high tides and greater than the actual flood currents
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associated with the lower-high tides. The converse would be true 
with regard to diurnal inequalities in the ebb currents. Four of 
the six wind periods in the second half of the study are of about 
the same duration as a semi-diurnal tidal cycle. This fact suggests 
that the residual diurnal inequalities in the "nontidal" current records 
may have resulted in a significant contribution to the observed mean 
values during these wind periods. In particular the downstream winds 
during wind periods 8 and 11 occurred in conjunction with the smaller 
NOS predicted flood current, while the upstream winds during wind 
periods 10 and 12 occurred in conjunction with the larger NOS pre­
dicted flood current. Thus the estimated flood current would most 
likely have been greater than the actual flood current during wind
i
periods 8 and 11 and would have resulted in net downstream residuals
j
at all levels. The converse would be the case for wind periods 10 
and 12, where the estimated currents would have been less than the 
predicted, resulting in net upstream residuals at all levels. The 
increased tidal current amplitudes in the upper York River would 
tend to heighten the effect of a diurnal residual in the "nontidal" 
current. On the other hand, the nontidal profiles are not reflective 
of a combination of two-layered wind induced flow and unidirectional 
tidal residual flow, and thus the cause of the one-layered flow in 
the upper York River cannot be dscribed to a diurnal tidal residual 
effect alone.
The longer wind periods in the first part of the study, 
the lower tidal current amplitudes in the middle and lower York River, 
and the observed (and predicted) minimal diurnal inequality from
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14 to 16 April would tend to minimize the effect of residual diurnal 
tidal currents in the middle York River during the first part of 
the study.
The generally insignificant and inconsistent relationship 
between detrended winds and detrended nontidal currents near the 
mouth at Stations Yl-1 and Yl-2 is inconsistent with the significant 
inverse relationship Weisberg (1976) observed near the mouth of the 
Providence River. These results are also inconsistent with the 
significant two-layered current relationship with wind found upstream 
during the same period. It appears then that longitudinal wind 
related currents were not significant at the sites sampled in the 
lower York River during the wind periods in the first part of the 
study.
V. CONCLUSIONS
Two fairly significant relationships between longitudinal 
wind and current have been determined in the York River estuary 
during a 9 day period in April 1973, with longitudinal wind fluct­
uations on the order of 1 to 3 days. The first is a two-layered 
current relationship with wind that was significant in the middle 
section of the York River. The observed two-layered current relation­
ship with wind is consistent with previous theories and observations
regarding wind related estuarine flow. In the observed two-layered
I
current 'relationship, changes in surface currents are positively 
correlated with the wind and are estimated to be between 1.4 to 2.4% 
of the wind velocity. The level of no net wind related flow is 
estimated to occur at about one-third depth. Changes in bottom currents 
are negatively correlated with the wind and are estimated to be be­
tween -0.9 to -1.7% of the wind velocity.
The two-layered wind and current relationship occurred 
during a time of moderately strong longitudinal winds, with an 
average downstream wind velocity of about 1.7 m/s. The tides were 
changing from neap to spring. These factors may tend to favor the 
two-layered relationship, however, insufficient data are available in 
this study to adequately examine this aspect.
The second relationship observed is a one-layered current 
relationship with wind that was significant in the upper section of 
the York River. The observed one-layered current relationship with
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longitudinal wind has not previously been found to be of significance 
in partially mixed estuaries and is inconsistent.with the results of 
previous estuarine wind and current research. In the observed one- 
layered relationship, changes in currents from surface to bottom are 
positively correlated with the wind and are estimated to be 1.1 to 
3.6% of the wind velocity.
The one-layered current relationship occurred during a 
time of moderately strong diurnal upstream winds, with an average 
upstream wind velocity of 1.6 m/s. The tides were changing from 
spring to neap and there was a significant diurnal inequality in the 
observed currents and also in those predicted by NOS. There is thus 
a possibility that a significant diurnal tidal current, resulting from 
the diurnal inequality in the tidal currents, remained in the "non- 
tidal" current records. The choice and duration of periods of steady 
winds may possibly have resulted in the one-layered relationship being 
due in part to the inclusion of the diurnal flood or ebb tidal current 
in the average current values for each wind period. Thus it is suspect 
that the one-layered current flow is associated primarily with winds.
On the other hand, the nontidal current profiles suggest that the 
observed one-layered flow cannot be resulting solely from a combi­
nation of two-layered wind induced flow and one-layered diurnal tidal 
residual in the currents. Further analysis of concurrent water level 
measurements and wind velocities are necessary in order to determine 
the nature and cause of the observed one-layered current relationship 
with wind.
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The insignificant wind and current relationship near the 
mouth of the York River (Stations Yl-1 and Yl-2) suggest that other 
components of wind or other factors in the Chesapeake Bay may be 
significant in this area.
VI. RECOMMENDATIONS
As the results in the lower and upper York are generally 
inconclusive, additional analysis of the data in these locations may 
provide a better understanding of the wind and current relationship. 
As the winds in the upper York River during the study period were 
primarily diurnal, an analytical method that separates the astron­
omical and meteorological diurnal signals is desirable. If current 
measurements are made over a period of 29 days (or greater) in
which there are insignificant diurnal winds, then the significant|
diurnal and semi-diurnal tidal constituents in the upper York River 
can be determined by the methods of harmonic analysis or other 
methods, such as the tidal potential ratio lag method developed by 
Lewis (1976). These tidal constituent values may then be used in 
predictive tidal models, such as those developed by Boon and Kiley 
(1978) or Lewis (1976), to distinguish between the diurnal tidal 
current and the diurnal wind related currents (if any) in future or 
past current records.
Also the methods employed by Farmer (1976), and Nece and 
Scheffner (1978), in which the results of short term tidal current 
analysis are adjusted by the results of longer term tidal height 
analysis in the same location to give representative values of the 
mean tidal current constituents, suggests a similar approach might 
prove useful in estimating and removing the diurnal tidal currents 
from short term current records.
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Stochastic models, such as those employed by Weisberg 
(1976) or developed by Box and Jenkins (1976), may provide further 
insight to the current processes in the lower York at Stations Yl-1 
and Yl-2. There do appear to be continuous patterns in the current 
data at these- stations. The fact that these stations are near the 
mouth suggests that an examination of corresponding events in the 
Bay (currents, tidal heights, wind, etc.) may provide additional 
information as to the relationship between wind and current at this 
location.
It is recommended that future investigations of the 
relationship between wind and currents include measurements of current 
above and below one-third depth, as this was found to be the level 
of no net wind related flow. Also at least one long term concurrent 
(29 days or more) tidal current or height record should be made 
along the estuary so that shorter term data can be compared and ad­
justed if necessary. The changes in the wind and current relationship 
observed across the estuary and the general lack of information 
regarding currents outside of the channel, and on the flanks of the 
estuary, suggest that this area of the estuary should also be examined.
Also an analysis of long term wind data over several years 
would be valuable in determining the scale, distribution, and 
occurrence of significant wind fluctuations in areas of interest 
along estuaries.
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APPENDIX A
SCATTER DIAGRAMS OF NORTH/SOUTH AND 
EAST/WEST COMPONENTS OF WIND VELOCITY
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APPENDIX B
TIME SERIES PLOTS OF LONGITUDINAL COMPONENTS 
OF WIND VELOCITY AND HISTOGRAMS OF WIND VELOCITIES
A. Observed Wind
B. Detrended Observed-Wind
C. Average Detrended Wind Velocity During 
Each Wind Period
D. Histogram of Detrended Wind Velocities
Legend
Linear Least Squares Estimate to Data
Average Detrended Wind Value With + 2S Interval For 
The Group (Where 19S" Is The Standard Deviation Of 
The Data Within Each Wind Period Group).
Except Where Noted ( v ) The 95% Confidence Interval 
For The Mean Value Falls Within The Circle Denoting 
The Mean Wind Value.
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SCATTER DIAGRAMS OF NORTH/SOUTH 
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CHN - Channel Axis Used In Determining Longitudinal 
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LSQ - Least Squares Estimate Of Major Axis Of 
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TIME SERIES PLOTS OF LONGITUDINAL COMPONENTS OF CURRENT 
VELOCITIES, HISTOGRAMS OF CURRENT VELOCITIES, AND SCATTER 
DIAGRAMS OF WIND AND CURRENT VELOCITIES
A. Observed Current
B. Harmonic Analysis Estimate Of Tidal Current 
Co Nontidal Current
D. Detrended Nontidal Current
E. Average Detrended Current Velocity During Each 
Wind Period
F. Histogram Of Detrended Nontidal Current Velocities
Go Scatter Diagrams Of Average Values Of Detrended 
Wind And Detrended Nontidal Currents For Each 
Wind Period
Legend
Linear Least Squares Estimate To Data
Average Detrended Nontidal Current Value With + 2S 
q  Interval For The Group (Where "S" Is The Standard
Deviation Of The Data Within Each Wind Period Current 
Group)
AExcept Where Noted ( y ), The 95% Confidence Interval
O  For The Mean Value Falls Within The Circle Denoting
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95% Confidence Limits Of The Regression Coefficient
140
141
R P R  IL 1973
10 It 12 13 14 15 16 17 18 :o 21
r 10u  *
( M/S ) 0.0
- 1 .0 
D. l-°
I M/S ) 0.0
t .0 J  
0 .5
(M/S) 0-0
•0.5
F .
7
FREQ .
0 .0
5 0
CUR .
( M/S J
0
nu ;ii r| i nTjYiTif rrri 111 npi 111; 111| 1 ii| i rii|n i r|ni i|
0 5-04-0 2 0 0 0 2 0 4 05
3 4 5 5 7 3 9 10 111:
WIND PERI OD
o 
o
(M/S) 0-0 0.0 (M/S )
I
0 .0 (M/S)
I .0
0 .0 (M/S )
E_- 1 .0 
_  t o
0-0 (M/S)
■
c> (( CD <f) r
E.-1 .0 
0 .5
0 .0 ( M/S) 
-0-5
O
1
0
1
Irri11 f111rrrrijTiTr | n p j h ti1 1 m | ;in111111;11\]u111
6 00 4 .02 05 0 -4.0 l'
( M/S )
S T R T I O N  Y01 1
WIND (M/S)
D E P T H  4 M
142
A P R I L  1973
10 11 12 13 14 IS IS 17 19 19 20 21
A .
( M / s )  0 0
1 ■ 0 I I I I I 1— I I I ;  I I I I .1 .I 1-4, I I-1-. I I I J.■1—JLJUL-I l-i- I ■ I 1 I I I 1 1 I 1 1 1
-I .0 3
D.
( M / S )  0 . 0  
-■I .0
E.
(M/S.J 0 , 0  
0 -5
F . 
X 
FREQ .
i — i------------- 1— i— i 1------~r— i------n — i— r
2 3 4 5 S 7 3 9 10 1112
WI ND PERI OD
CJR
10 0
t M/S )
m'TjVi 111111111111111 f |'i 1111111 j 111 i|in t| n n | n 11
0.0 0 2 0.40 .6 -0.4 -0 2 0
I .0
0 . 0  t M / S  )
0
AA/WVAAAMA/( M / S )  0 - 0
0
L - l  .0
I .0
L 0 .0 ( M/S)
•l .0 
l .0
0 .0 (M/S )
-l .0 
_  I ^0
0 -0 I M/S )
EL - I • 0 
_ 0 .5
0 .0 fM/S J
-0 .5
j
n
© /i
o
i
n<-
n
J ; i m i in 11; m  | rm  p in p T iTjri i rp ri 11 ? m  | n  111: m y n n 'j
2 . 0  4 . 0  S .00 - 0-S .0 -4.0
0 . I i
• U - 2 _
( M/S )
S T A T I O N  Y O l  I
WIND (M/S)
D E P T H  7 M
143
ft.
CM/S I
B .
CM/S \
o .
CM/S 1
D .
f M / S l
E-o 
CM/S).
F .
1
EREQ .
I . O'
o-.o
ftPR.IL 1.97.3
10 11 12 13 14 15 16 17 18 19 20 21
J—I— 1—I—L—L I L_J L.1-. J______L_J i l l E - l —Lj_r I' I I' I' ■ I ■__I- I ) l-J__I I l < I I -1—1 . l-L I . 0
ft/VWWV\MA/
■ l.o- J
l .0-
O'.O- J -VWVWWWV
1 .0- 3 
1.0-
O'.a
1 .0 J  
1 .0- _
o.a
■i .o- .3
0-.5 _
0 .0'.. 
•O'.5 ..
■J— 1 — 5— j j- jE S r
1--------- 1---1----------- — ]---n ---- 1-------!---1------ T T ---!--- T
1. 2 3 4 5 6 7 8 9  1-0 1 1 12
WIND PERIOD
O'.O CM/S.l
- 1..0 
1 .0
0 .0 (M/'S.)
L.-1. .0 
I *0
0 .0 CM/'S.)
L-'t . 0 
1 .0
O'.O ( M/'S.)
E. - 1. - 0 
O'.5
. 0 . 0  (M / S )
.-O'. 5
3
2
15 - 0_
1
COR
01 0 . Q _
I
2
0 . 0 — t-i i m i| it i-iTi nun m rvi-i| vn>| ii i i-| i-i-i-i ;.i 111| 11 n [ttit]
6.0 -4.0 -2.0 0.0 2..0 4.0 6-0
iiiiii-iiipiffVlvfi[i-in|iui|iui|iin[r.n|iiii)nii|ii-ii|
0 . 6  - 0  4 - 0 . 2  O'.O 0 - 2  0 -4  0 . 6
( M/S )
S T R T I  ON' Y01 1.
WIND (M/S)
D E P T H  I O N
144
(M/S)
B -
f M/S  I
D .
( M / S )
O '.
( M / S l
E.,
( M / S )
F .
1
FREQ ,
RPR.IL 197.3
10 11 \ Z 13 14 15 16 1? 18 19 20 21
1 -O' _
1 .0- 3  
I .0'
.0
1..-0 
1 .0 1 .0
1. .0
_  I .0
0 . 0  (M/S . )
L . - 1 .0 
1 .0
0 * 0  j ■ 
-1 .0 J
0 . 5
0 . 0
0 . 5
"x r _ij) ....
 ,— ,---------------1— i— i---1--------1— i----- ri— i— r
1. 2. 3 4 5 6 7 8 9 10 1 1 12
WIND PERIOD
O'.O (M/S . )
L.-'l. • 0 
0 .5
O'.O ( M/S )
L . -  0 . 5
2 0  . 0 _ 3
2
I
CUR .
10 -0_
1
t i-i n iimmi pTif 111111 n 11| 1 n 1 rn[ A11 hi i]iu ij ii i-i-| —  i-i-i i p~i 11| ii i-ijn-i ij 11111 n  ii| i i-i 111 n  i[ hi h  i j i-i jT n-rp  itt]
€ . 0  - 4 . 0  - 2 - 0  0 - 0  2..G 4 . 0  6 - 00%6 - 0  .4 -O'. 2 0 . 0  0 -2  0 . 4  0 . 6
(M/S)
S'TRTION Y01. 2.
WIND (M/S.)
D E P T H  4. M
145
cm/s 1
a .
( M/S  1
D.
t M/S  1
D .
C M / S )
E.
C M / S ).
F .
7
FREQ .
ftP R I L 197.3
10 11 12 13 14 15 16 17 16 19 20 2 \
1 . 0 ’
0.0'
1 .O' 3
1 .c- _
0.0'
•1 .0- .3 
0 .5
0.0-
•0 ' .5 1 1--------------------- ! 1— ! 1----------- !-----1---------- F T  "! T
2 3 4 5  6 7 8 9 1 0 - 1 1 1 2
WIND PERIOD
.0-
l .0-
1 .0 1 .0
vwwwww
F  1 .0 
L 0.0 CM/S\)
E..-1 .0  
_  1..0
0 .0  CM/SJ
L  - 1 .0 
0 .5
0 .0  CM/S 1
1 . - 0  -5
.3
2
15 • 0 _
I
-0.0-1 0 . O'.
CM/S)
I
.2
.3n il |.i HI j i iff^ rfiij  11 i i | i  i rrp  rrn w i-j i m  | rf i i j i i  i i | in i ] —  i-i 11-| 11 n  | i-i 11111 i i  | n  111 i-rn y m -v i i i-i n  i-n i~n i-i i j  11 i-i |t  i i-i |
6 . 0  - 4 . 0  - 2 . 0  0 . 0  2 . 0  4 - 0  6 . 00 . 6  -O'. 4 - 0 . 2  0 . 0  0 . 2  0 . 4  0 - 6
( M/S)
S T A T I O N  Y01 2
WIND (M/S)
D E P T H  10 M
146
CM/S 1
B .
( M / S )
D o  
( M / S  1
D.
« M/S 1
E,
( M / S )
F -
7
FREQ •
1 .0 
o.o
A P R IL  197.3
10 \ \  \ Z  13 U  15 16 17 18 19 20  21
J—i—i—L_i—t i—l-i—r i 1 r i. t I i—i—i. 1 i i—i -!. i i l l i l l t i i i l » i- i t i i t.
■1 . 0  3  
I.-Or _
O'.O vwvwwwv
1..0 .3 
1 .-Or _
0 - 0
I .0’ -3 
1 .0' _
O' • 0
■L.0- J  
0 . 5
0 . 0
• 0 - 5 i— (------------- n— m — r r—i n — \ r
2 3 4 5 6 7 8 9 10 1 1 1 2
WIND PERIOD
1.-0
0 . 0  (M /S . )
L.-1. .0 
_  l-.o
E_ 0 . 0  (M/S . )
E_- l- .O 
1..0
0 . 0  (M/S . )
E_ -  I . . 0 
_  I .0
O'.O ( M/S )
L  - 1 .0 
_  0 . 5
, O'.O CM/S ) 
- 0 . 5
3
2
15 - 0 _
1
CUR
'V-<- - ,- 0 . 01 0 . 0 _
( M/S )
I
2
11 IT| n r r [ i ir rf fm  111 i i| i m p u rp  1t if f i  it^ W iJ i?n’| 1 | i-i 11111111 n  i n  11111 i-i iT| i  n-i 111 i-i 11 m  111 i-i| 11 n |  n-TrpT n  j
6 . 0  - 4 . 0  - 2 . 0  0 . 0  2.-0 4 - 0  6 - 00 .6 - 0  .4 -0  .2 0 .0 0 -2  0 .4 0 . 6
CM/S)
S T A T I O N  Y01 2
WIND (M/S.)
D E P T H  13 M
147
CM/'S 1
B .
CM/S 1
0 .
( M/ ’S 1
D'.
CM/S 1
E.,
(M/'S 1
F .
7.
FREQ.
R P R i L  197.3
10 11 12 13 14 15 16 17 18 1.9 20 21
0.5
0.0*
■0.5
 1— i--------------1— i— I— i------ 1— i n — i— r
1 2 3 4 5 6 7 8 9 1-0 1-1. 12
WIND PERIOD
.o-
.0-
1 .0 _
w w w v w w
0
I .0
0.5
0 .0 ( M/’S ,) 
-9.5
320 .0
2
s
. I
CUR
- 0 . 0 - -Ss.- ■<-'
( M/S 1
- 0 . 2
-0.3 —  vrfT-f ti 11 i-i 11111111111 n  111) | i-i 1111 111-| i ii 111 i-i 11 iTn prrn |
6.0 -4.0 -2.0 0.0 2.0 4..0 6^ .0
l-l l-l |.l l-l 111111 |lfl 11 M l 11111111111 (I l-iTpm IITIIJ ITU JTI-ITJ
0 . 6  - 0 . 4  -O' .2 0 . 0  O' -2 0 - 4  0 . 6
CM/S )
S'TRTIGN Y01 2.
WIND (M/S)
D E P T H  IS H
148
(M/S)
B
( M/'S)
c%
(M/S)
a .
( M/S )
E.
( M/S )
F -
7
FREQ -
RPR.IL 1.973
10 11 12 13 14 15 16 17 18 19 20 21
O'.5 
0 .0 
■0.5
t
T  ~TT
1)— — T ~ ( )
-L
4 -
i ------1— i -----------------1— i— i------ 1--------- 1— i--------n — i— r
1 2 3 4 5 6  7 8 9 1 0 1 1 1 2
RIND PERIOD
.0
0 . 0
I . 0- 
1 .0 I . 0
I . 0 
I . c
1..0 
I . 0
O'.O 0.0 (M/'S.)
L . O
l-.o I .0
O'.O O'.O (M/'S.)
0.5 
. 0 .0 ( M/'S ) 
-0 -5
20. O' 3
2
1 5 . Q J
1
CUR
10 .or. - o . c
i
2
3IM I 1 TTj ITh  111 i i | i i i i 11 i 1 I i I t 1111 i j rriii ill 11* iVi 1 j ph \\ i m i j 11 Myin Tji n ryn-i 11 i i hh-[ h*h [ ii n | i i r i; n m |
6.0 -4.0 -2.0 0.0 2.0 4.0 6.0
-J
0 - 6  - 0 . 4  - 0 . 2  0 . 0  0 . 2  0 -4  0 - 6
(M/S)
S T R T I O N  Y 0 2
WIND (M/'S)
D E P T H  1 M
149
(M/S 1
B .
( M / S )
C.
(M/S 1
D*.
( M/S)
E.?
('M/S I
F .
7
EREQ .
R P R I L  1 9 7 3
10 IV 12. 13 14 ,15 16 17 18 1.9 20 21
1 .0- .. I. I t I I 1 _ X
0.0- J
J I , l~ i—L-l—i: I I l u_l_J 1 1 I 1 I- 1 I I I I I I l I I- I I I- I I 1.0
5_ 0.0 I'M/S.)
L 0 -0 I'M/S.)
O'.O-
■ I .0 . J
1 . 0- _
O-.C-
O-.O-
•0 .5
0 .0 ( M/'S.)
2. 3 4 5 G 7 8 9 1-0 11 12
WIND PERIOD
L-l .0 
1 .0
0 -0 ( M/S.)
L-l .0
<9 9
) I T I X T  1 ? I (1--- I 0.0 (M/S) 
•0.5
3
i
CUR .
-  ®  ®- o . o
. 1
m 'ryn -w m T i-| i n  i j  im p  11111 m  n  i n |  h  i i f m  ip - i - n  11 rq I 111 1 1 IT I | T I I r | l  H T j  111 1111 I I 1 1111 | I l- l I p i T f T lT l  |  1 I 111 H-T T |
6.0 -4.0 -2.0 0.0 2.0 4.0 6-00 . 6  - 0 . 4  - 0 - 2  O-.C 0 . 2  0 . 4  0 . 6
( M/S )
S'TRTI ON Y 0 2  1.
WIND (M/S)
D E P T H  4. M
150
C M / S )
B ,
CM/S)
D .
CM/S 1
D -
»M / 5  I
E. -
CM/S 1
F .
■/
FREQ .
ftp R I L  1.9'73
10 11 12 13 14 15 16 I? 18 1.9 20 21
0.0 (M/S.)
0 .0
•1 .0- .J 
1 .0
o .a
1..0- .3 
1 .0 _
o .a
• i .o . J
o .o-
-0 .5
WVWVWVWVWIAAM
3 4 5  6 7 8 9 10 1 1 1 2
WIND PE R I O D
.L. 0.0 (M/S.)
L - 1. .o 
_  1 .0
0 .0 ( M/S.)
L -1 -.0  
I .0
0.0 (M/S)
E.-1 .0
._L 
-l_
l_ 
1. 
I
5
() T  1 T  T  I  ( U  ])
-
' (> 2  <> i  i  1  j
CD .1 0.0 (M/S)
--O'.S
0.32 0 . 0_,
0 - 2
1-5 .0
•I-
CUR
- 0  -0
( M/S )
1
2
3 11) 11 u  11) 11111 i-i) i [  i i  11| 111111 i-fq-n-n p iTr|nrr[ 111 i-|.i 111|c-i i i- T im f f i lr f n Ti j n  i t -ji i h |  iT rr [Tn  11 i i i f p  i n  | m-rynrq
-6.0 -4.0 -2.0 0.0 2-0 4.0 6-00 . 6  - 0 . 4  - 0 . 2  0 - 0  0 . 2  0 . 4  0 . 6
( M/S)
STATION* Y 02 1
WIND (M/S)
D E P T H  7 M
151
c m / s ). 
B -
CM/S V
C,
CM/S )
O '.
CM/S i
E ,
CM/S 1
F .
FREQ .
I .0
RPRIL 1973
O'.O
■l .a  A  
1 .o _
o .a .i
i .a A
o .a
• 1 .a  .J  
o .s
o .o
" 0 . 5
vwwwwwwvwwv-
2. 3 4 5 6  7 8 9 1 0 1 1 1 2
WIND PERIOD
L 0 - 0  ( M/ S 1
O'.O I M/S.)
E . . -1. . 0
r- I "0
O'.O ( M/S.)
L.-1 .0 
_ I .0
0 . 0  1 M/'S )
E_ -1 . .  0
<> T (i  - r
■»
T  t[ 1 T 11) 1>i I! i <> I 1> — j .  ip  V -J-i-L
-L
-
. . 0 . 0  1 M/S )
..-O'. 5
20 .0
2
i.
CUR
_GE
- 0 .0' “© T r - ^ - p -
1
2
in 111 n  111 ii lyrnTji i ri|im | in 111111| 111 n  i n 1111 n :| 11 n  |ii II |i 111 |Ti rip-i 111 ii 11( 1111111 ■ 111 i ii-ji i mj im j i in 11111 j
6 . 0  - 4 . 0  - 2 . 0  0 . 0  2 . 0  4 . 0  6 - 00 . 6  - 0 - 4  - 0 . 2  0 . 0  0 . 2  0 . 4  0 . 6
(M/S)
S m i N T O N  Y 0 2  1.
WIND CM/S.)
D E P T H  16 M
152
A P R I L  1 9 7 3
10 11 12 13 14 15 16 17 18 19 20 21
I .o-
l M/S  1 O'.O- J
D
- 1 . . 0  3  
1 .0- _
r n / s i  o . o
-1 .0- J  
E, °-5
( M / S )  0 . 0
- 0  . 5  ..
1. 2. 3 4 5 6 7 8 9 10 1 1 12
WIND P E R I O D
7
FREQ •
1 .0 1 .0
wwwwwwvvwwv- 0 . 0 ( M / S )
_ 1 .0
0 .0  I M/S  )
r- 1
0.0 (M / S )
L-l
£ ) (
7 7 r t t7) t ( T  I  !
1 
T
T
T
! $ (> l  J l h -J-J. 
L
..U
HM 0
,-0
.0
-5
•C ( M / S )  
.5
20.0 —
1 5 . 0 _
CUR .
-0 .010 .0_
t M/S )
i | i i i i 11111 p  i i-i j i-yri | 1111 |11II l-l l li| irtTl I III ] HII j U l-l j l-l 11( Ii 11JIII fp 111 j1! HI FTttj nii|mi]nii|im|iiH'In
6 . 0  - 4 . 0  - 2 . 0  0 . 0  2 . 0  4 . 0  6 - 00.6 -0.4 -0.2 0-0 0.2 0.4 0-6
( M/S )
S T A T I O N  Y 0 2  1.
WIND I M/S)
D E P T H  21 M
153
( M / ’S 1
B..
( M / S )
C.
(M/'S)
Q.
(M/S)
E..
C M / S )
F .
FREO .
A P R I L  1.973
10 \ \  12 13 14 15 16 1? 18 19 20 21
1 .0 
O'.O- i
i i i 1 i i i-i i i  i 1 ii i 1 i i i  1 i i i  1 i >  i I i i i 1 i i i-l i i i 1 i i- i 1..0 
L  0 . 0  CM/'S)
i .o- i  
1 .0
0 . 0  =
i A A A A A A A A A A
L  - i .o
_  l .0
L  0 .0 ( M/'S )
l-.o- i  
1 *° -g
O'.O' =
w v v v V v v v v V
L - 1. .o
__ l .0
= 0 .0 ( M/'S )
i . o  i
l-.O- _
0.0' = / V i  ffjyAuM*. XI A  P* r\ MfinAjL
L-'i. .c 
1 .0
L  0 .0 ( M / S  )
1 .0 i
0-.5 
0 -0 '
j V v  nAVi j V i  .... -----
T  "T* ”1
T  T  
n  <> T/> V I t\
L-1. .c
0 . 5
L  0 - 0  ( M / S )
•O'. 5 •
u  0  u
1 -O'. 5
1 2 3 4 5  6 7 8 9 1 0  l-l. 12
W I N D  P E R I O D
3
2
I
C U R
-0 .010.0_
2
i w-rJrnTpi i-i'i i r-n’i i-i 11111 i-i1! m ri 11 tir-j r-i 111 r inyriijrnij 
0 . 6  - 0 - 4  - 0 - 2  0 . 0  0 . 2  0 . 4  0 . 6
11 i n  i’t i t i [vi 1111 n  11 i-i i-i | i i n  |
6 .0 - 4 . 0  - 2  .0 0 . 0  2 . 0  4 . 0  6 -0
CM/'S) WIND CM/S)
S T A T I O N  Y O Z  1 D E P T H  1 M
154
t M / S  )
B ;
( M / S )
C .
( M / S )
D'.
( M / S )
E .
( M / S )
F .
I
FREQ .
A P R I L  1.973
10 11. 12 13 14 IS 16 17 18 19 20 2 \
1 .o-
0.0 A
•1.0- 
0 .5
0 .0
■O'. 5  !— j----------1— n — r~---1— i----n — i— r
1. 2 3 4 5 6 7 8 9 10 1 1 12
W I N D  PE.RIGD
.0'
0-
1 .0 
1 .0-
a.o-
1.0 
1 .o
l .o
1-.0 
. a . O  TM/'S'J
L .-'i- .0 
_ 0 .5
0 .0 ( ' M / S ) 
--0 -S
320-. 0-
2
CUR
-0-0
1
2.
mi 11111| 11 i^.i 11 ij i n n i ni| 11 n p u i| i n U i n n 111 —  i-i ii | m i  11 i-i-r| ri-r-i jTiT-ii'TT ri ] ii ii 11 n  i| m  111111[ 1111111 i-i|
6 -C - 4  .0 - 2  .0 0 .0 2 . 0  4 . 0  6 -C0 .6 - 0  .4 - 0  .2 0 . 0  0 . 2  0 - 4  0 .6
CM/S)
S T A T I O N  Y 0 2  1.
WIND I M /S )
D E P T H  4. M
155
c m / s i
B .
cm/s )
C o
c m/ s  1
D o
( M/ S ) .
Eo 
( M / S  1
F o
FREG .
A P R I L  1.973
10 11 12 13 14 15 16 17 16 19 20 21
I .0
0.0
I .-0* .
I .0
0.0
i .c- 
1 .o
O'.O’
1 .0' 
l .0
0.0
1 .0-
0 . 5
O'.O- 
0 . 5  .
0 . 3
2
1 5 . 0 _
1
CUR .
•es.^ __-0.010.0_
( M / S  )
1.
i p TTT j m i  i f rn  i [ m  1111 nj i-i it | n ii| 1111111 n 11111~| itttu  11] ii 1111 fi i p i ii j i ii i| i h i ]Tm y rn i j i n i jrrn p rn  |rnT)
6 . 0 - 4 . 0  - 2  . 0  0 .0 2 .0 4 -0 6 .00 .6 - 0  .4 - 0 . 2  0 . 0  0 -2 0 . 4  0 - 6
(M/Si WIND (M/S)
S T A T I O N  Y 0 2  1 D E P T H  7 M
3 4 5 6 7 8 9 10' 11 12
W I N D  P E R I O D
0 .0 ( M/'S.)
L -  l. . 0
.. O'.O (M/'S.)
I . 0
0 . 0  (M/S. )
1 .0
0 . 0  (M/S. )
t c) T  1 I  . :
■ 
II
 
L—
1 
J
(>
L 1 <> I  :
L-1..0 
0 - 5
O'.O (M/ ' S)  
- 0 . 5
156
c m / s i
B .
C M / S  1
D.
( M / S )
D .
' M / S l
E.
CM/‘SI
F-.
7
FREQ .
A P R I L  1973
10 11 12 13 1.4 15 16 17 18 19 20 2*
1 .-O'
i .O’
I .0 _
0 .0
I - 0  .3  
O'.5
O'.O*
- 0 . 5
o.o J —
JL
i— r 
1 2.
U i - i "<r J
i— i— ! 1----1— i-- n— i— r
3 4 5  6 7 8 9 1 0 1 1 1 2
W I N D  P E R I O D
.0
0.0- 0 . 0  I M/S.)
1 .0
1 .0- 1 .0
_ I .0
0 . 0  ( M / S )
L- 1.. 0
r -  1 * 0
0--0 (M/'S.)
L .-1  .0
0 . 5
0 -0 ( M/'S ) 
.-O'. 5
3
2
15 - Q_
I
CUR
10.0_ -O'.O
1
2
- 0 - 3•m i if r r r  p i n p 111[n m | i i  u p  i n j i  11111 in  fm i  p m j| n iij —  -i-i i i-j 1111 j 1111111111111111111111 ri p  i n  | m  i |.i 111 | i i-M 111 ri j
6 . 0  - 4 . 0  - 2 . 0  O-.G 2 . 0  4 . 0  6 - 00.6 -0 .4 -0 .2 0.0 0.2 0.4 0-6
( M/S )
S T A T I O N  Y 0 2  1
WIND (M/S)
D E P T H  16' M
157
R P R I L  1973
10 11 12 13 14 15 16 17 18 19 20 2}
o-
0-.0 t M/'S.)
.0
.0 1
MAAAAAAM
-1.0- .3
1 . o- _ 1.
.0
.0
L.-i .c 
1 .0
( M / ‘S 1 O'.O 1.. O .c ( M/'S )
8 9 10 11 122. 3 4 5 6 7i
W I N D  P E R I O D
0.320 .0_,
15 • 0 ‘_
C U R  .
-3S>-~ -_ - =^©<=,=;@L10 -0_
(M/'S)
H I  H  l - l  I  H  I  I  I  r | T T IT - p i T T l T l  l  | - |  I  I I  l " |  n  1 - 1  [  T  i n  1 1  l - l  I  |  I  I  I  I  f  1  l - f - i  ji.j i-i iTTtTp-TtTii 111| 1111 n 111| 11 f i| 1111| 11 irpnn | ■1 ii| m 'n
6 . 0  - 4 . 0  - 2 . 0  0 - 0  2 . 0  4..0 6 . 00-.6 -0.4 -0.2 0.0 0.2 0-4 0.6
(M/S) WIND (M/S)
S T A T I O N  Y 0 2  1. D E P T H  21. M
158
a.
( M/ S 1
B .
( M/ S  1
C.
! M/'S 1
D'.
I M/ S  1
E..
CM/S )
F .
7
FREQ •
R P R  PL -1.973
10 11 12 13 14 15 16 17 18 19 20 21
1 .0'
O'.O'
1.0 
1 .0'
O'.O
■1. .0 . 
1 .0
O'.a
■1..0- . 
I .0'
O'.O .
•l-.O . 
0 . 5
o.o
■0. 5  -
3
2
I
10 .o_ -0 .0
I M / S )
• 1
2
I Ii i I'l!l flft/Yfrn Hill I |)l 11111 l-l |.l III |Yl^1 ITTI] -0-3
6 . 0  - 4 . 0  - 2 -C 0 . 0  2 . 0  4 . 0  6 . 00 . 6  - 0 . 4  - 0 . 2  0 - 0  0 . 2  0 . 4  0 - 6
(M/S) WIND (M/S)
S T R T I G N  Y 0 2  1. D E P T H  1 M
W I N D  PE.RPGD
0 .0 ( M/ S )
E. - 1. . 0 
^  1 .0
0 . 0  (M/ ' S)
E_- L  .0  
^  1-.0
0 . 0  ( M / S )
L-1..0 
_ 1 .0
0 . 0  ( M/S. )
L.-1..0
1. 0.0 ( M/S )
2 8 9 10 11 123 4 5 6 71
159
R P R  IL 19 7 3
10 11 12. 13 14 15 16 I? 18 19 20 2}
1 .O' -1. i .i i I i i i L-i » f-l -i i- i J i i- i- I i i i I i i i I i i i I i i i I
(M/'S). O'.O-
( M / S  1 0 - 0
(M/'S) 0.0- i
D
( M / S )  0 . 0  J
•1 . O' .3 
0 .5E.
C M / S )  0 . 0  
--O'. 5
I $ I 1 $ I
 1— r
1 2.
~ n — r— r
3 4 5 6 7 8 9 10 11 12
W I N D  P E R I O D
0  .0 ( M/S.)
O'.O (M/S.)
0 .0 I M/'S.)
EL- 1 .0 
_  I -0
O'.O (M/'S)
L  - 1 . o 
_  O'.5
. O'.O ( M / S  ) 
- 0 . 5
15 . 0 _
C U R  .
F R E Q  . ( M / S )
[Tl&j i1 m  mi jii i-i 11 irfpTt 11 n up h i| 111 ijTTTrpTTT
0 . 6  - 0  .4 - 0  -2 0 . 0  0 . 2  0 . 4  0-6
0 • 
O'.
3
2
1
0
m  111 m  11 m  |Tin 111) i p i 11| 11 n 11 m  111 n ; 111ij i m p r i 11
6 . 0  - 4 . 0  - 2  .0 0 . 0  2 . 0  4 . 0  6 .0
( M / S  )
S'TRTI ON' Y 0 2  1.
WIND (M/S)
D E P T H  4 M
160
R.PRIL 1973
10 11 12 13 14 ‘ 15 16 17 18 1.9 20 21
O'
.0
.O' I
O'.O ( M/S. )
I .0- 
I .0
1..-0
1
0 I
0
.0
. 5
( ' M/ S)  0 - 0  J 0 .0 ( M/ S )
6 9 10 11 122 3 4 5 6 7
W I N D  P E R I O D
15 - 0 _
CUR
-o-.c
FREQ . ( M / S )
m !rf i h  i p iti’i irrifnii j u 11 j < ■ i > | i m  j ■ i ijii'i i!j 
0.6 -0.4 -0 -2 0.0 0.2 0.4 0 .6
ii 11111 n-i 1111 n 1111 n  11111111 ii 111 n i pi 111 i-i 111 n n [
( M / S )  WIND ( M / S )
SsTfiJNTON"- YTT2 1. D E P T H  7 M
161
ftPRIL 19 7 3
10 \ \  12 13 14 15 10 17 18 19 20 21
1 . 0'
( M / S  1 0.0' i
B ?
( M / S  \
C .
( M / S  1
0.
( M / S  1
E.
( M / S  1
1 .0' 3  
1 .0
1... ■ ■ I I—1...1 1 .1 .1 . L I t i i L-j- i i I i i i  I i i i l l  i i 1 i i i l
0.0-
1..0 J  
l-.o _
0 -O'
1.. O'
1 -0 _
O'.O
1 . 0  .3  
0 . 5
0.0 
■O'.5
F . 
7
FREQ .
AAAA/VW
3 4 5 6 7 8 9 1-0 1 1 12
W I N D  P E R I O D
1 .0
0 .0 t M / S  5
0 . 0  ( M / S )
E.-1 .0 
_ 1 .0
0 .0 ( M / S )
E_-l .0
r- 1 *0
0 . 0  ( M / S  )
*
" I
c1 I J "1 () I)
EL- 1 .0 
0 . 5
0 -0 ( M / S  ) 
. - 0 . 5
0 . 3
0.2
1 5 . 0
C U R
-0 .0
( M / S )
-0.2
-O'. 3j 111 i 1111| 1111| fiYi| 111111111| ini| mi jii ii [ mi | ii-i tpn r| ■i-i rr-'in ii j 111111 vi 11' i m  1111 ij 11 rq it-it| i i i i| i i i i| i i i i | i ii i |
6 .0 - 4 . 0  - 2  .0 0 . 0  2 . 0  4 . 0  6 . 00.6 -0.4 -0.2 0.0 0.2 0 .4 0.6
(M/S)
S T  A r r O W  T 0 2  1
WIND (M/S)
D E P T H  IS M
162
m / s )
B.
( M / S  1
C .
( M / S ).
D .
( M/ S )
E .
CM/S )
F .
7
FREQ .
R P R  IL 1 9 7 3
10 11 12 13 14 15 16 17 18 1.9 20 21
1 .0
0 .0-
1 -0 .
1 . O'
0 .0- .
1..0 .
1.0
O'.O-
1 .0- 
1 .0-
0.0-
l .0 .
0 .5
0 .0- .
0 . 5  .
20 .0.
CUR .
-0-0
( M/S )
n n  | n 11-| i r n p n  n i-n-n i n 11 u 11 p i  ii |Trn,tTr rr![ i-i h | h i i | — i i-i 11 11 1111111 j m  t [Ti n p T-i r[ rrn-|" m  1 1 1 n  i-| n  111 m  111 i-rr|
6 . 0  - 4 . 0  - 2 . 0  0 . 0  2 . 0  4 . 0  6 - 00.6 -0.4 -0.2 0.0 0-2 0.4 0.6
( M / S )  WIND ( M / S )
S'TRTION' Y‘02 1. QE.PTH 21. M
i V W W W
i
 1— i— i— i 1— i n — i—
3 4 5 6 7 8 9 10 U  12
W I N D  P E R I O D
E_ O-.O CM/S)
L-i .0 
L.o
0 . 0  (M/ S. )
E _ - 1 . 0  
_ I .0
L  0 - 0  ( M / S )
-1.. 0 
r- 1 -0
. O'.O ( M / S )
. - 1. • 0 
. O'. 5
.. 0 . 0 ( M/ S ) 
. -O' .  5
163
t'M/S)
B .
( M/ S 1
C ,
! M/ S  )
D .
( ' M / S )
E .
tti/s \
F •
v,
FREQ -
A P R I L  1.973
10 11 12 13 14 I S  16 1? 18 19 20 21
1 • 0‘  1—t-l-.l I I I t I L. I J L I I 1 I 111  I- I I 1 I- I I ( I I I I I I I I  I I- I t I I- I f I. . 0
0 .0  _ i- I - l Y  / \ A A I 3 j A  Jl-LX-l-2____________________________L  0 .0 ( M/'S.)
1 .0 3
1.-0
a.o- i
t .0- J  
1 -o _
O-.O* _E
1 .0- .3  
1 .0- _
O-.O-
I  . 0  .3
o-.c
-€'.5
W VWVWVW
* s r \jL T
2. 3 4 5 6 7 8 9 10 11 12
W I N D  P E R I O D
E_- I . 0  
_  1-.0
O-.O (M/'S.)
L - i  .0 
_ 1 .0
0 . 0  I M/'S.)
E_- 1 .0
r- 1 . 0
0 . 0  ( M/S. )
L  -  I . . 0
1 TT {
_I 
i—1
—1— ' 5L f I f
. . 0 . 0  (M/ 'S ) 
- O ' . 5
20 -0_, 3
2
I
CUR
r J
i
-0.2
"~|l III] II11-| 11 IT | 11II | III I 111 I 11 I ITI’pi-n 11 111| 111 111 IT T p 'T IT-|
6 . 0  - 4 . 0  - 2 . 0  0 . 0  2 . 0  4 . 0  6 .00 . 6  - 0 . 4  - 0 . 2  0 . 0  0 . 2  0 . 4  0 . 6
( M / S )
STftPrOfsr T93 1
WIND I M /S )
D E P T H  4. M
164
CM/S 1
a,
( M / S  1
C.
(M/S)
D .
( M / S )
E*
CM/S 1
F .
X
FREQ.
A P R I L  19-73
10 1 \  12 13 14 15 16 17 18 19 2 0  2}
1 * 0 _1—n_i—i—I—i__i t_J i i_i ! j i t_J i t_i I i i- i 1 i '•» i ( i i «- I i_i t- 1 i i i ( i i i
O'.O CM/S.)
O'.O CM/S.)
L 0 . 0  C M / S )
0 .0 (M/S)
O'.O ( M/ S )
- 0 . 5i— i— i— n---- 1— i-- n— i— r
3 4 5 6 7  8 9 10 I I  12
H I N D  P E R I O D
20 .0_, 3
2
i
CUR .
.Sr~ — — -
- -1-0 .c_ -o.o-
( M / S )
1
5 , 0
-0 . 2.
3m u m  f|Tiri| 111i| in tyi 1111111111 n) | fi 111 iTu | irrTiTTiT]
6 . 0  - 4  . 0  - 2  .0 0 . 0  2 . 0  4 -0 6 -0O'.6 -O' .4 - 0 . 2  O'-O 0 - 2  0 - 4  0- 6
(M/S)
S'TATIONT TV3 2.
WIND CM/S.)
D E P T H  1 M
165
( M / 5  )
B .
«'M/S \
c*.
* M/ ’S ).
D .
( M/ S )
E .
( M / S )
F .
7
FREQ -
A P R I L  197.3
10 11 12 13 14 1-5 16 17 18 19 20 21
0 . 0  CM/S )
0 . 0  ( M / ’S.)
0 -0 ( M/S. )
i— r
3 4 5 6 7 8 9 10' 11 12
W I N D  P E R I O D
O .c ( M/S.)
0 .0 (M/S)
1 5 .  O J
CUR
1-0- CJ
« M / S )
— 11 r ir f  ft f lf f i frf?/11) 111 n  i n ij 11111111) ( i i ii  {> m jiVri’in  1
0.6 -O'.4 -0.2 0.0 0.2 0-4 0.6
0 .
3
2
I
0
2
n  111 1 1 iTp i n p i n-jn 11 |iT n ~]T n rf[ i-n-j-i i rryn11 j i in | rnT]
6 . 0  - 4 . 0  - 2 . 0  0 . 0  2 . 0  4 . 0  6 . 0
(M/S)
S'TflT I 0 N Y 0 3  2
WIND (M/S)
D E P T H  4 M
166
( M/'S )
B .
( M / S ).
C".
( M / S )
D.
( M / S )
£ - 
( M / S  1
F .
7
FREQ •
A P R I L  19-73
10 11. 12 13 U  15 16 17 18 1.9 20 21
1.0 _ 
0 .0'
1 .0 .3 
1 - O' _
0 . 0  .E
■1..C .3 
0 - 5  _
0 .0 
•0-5
J-i—* w
i— i----------1— i i— s---- 1— i n — i— r
2 3 4 5 6 7 8 9 10 1 1. 12
W I N D  P E R I O D
.0-
0.0- 0 .0 I M/'S 1
1 .0- 
i .a
e_-i.. o 
_  1.0
o.o- 0 .0 CM/S.)
L - 1. . 0
_ I .0
0 .0 t M / S  1
L.- 1 -0 
_ I .0
0 -0 I'M/S.)
E..-1 .0  
_  O'-5
O'.O ( M/'S ) 
- 0 . 5
3
2
1
C U R
10. OJ c
1
2
- 0 . 3111 rMT^ IIifpilI [M ll(.lIll|Ml IHI I11111 IfrfT?!n iVITITTJ 11 ii| 11 ti jrn 11111111111 [i
6 -0 - 4  .0 - 2  .0 0 - 0  2 - 0  4 . 0  6 .C0 . 6  - 0 . 4  -O' -2 0 . 0  0 - 2  0 . 4  0 . 6
(M/S)
STATION' Y 0 3  Z
WIND (M/S)
D E P T H  7 M
167
cm/si
B .
C M / S )
c-.
( M/'S)
D*.
C M / S  1
E.
( M / S  )
F .
v.
frREO.
I . O'
0 -O'
A P R I L  1973
10 11 12 13 1.4 15 16 17 18 1.9 20 2 \
I I I I I 1— 1- I I— I— I 1 I I L— I I I I. -I A I- 1 I l~_I: Ii I I I I I i i- I I I- I « I I I I L  1 - 0
I .0- 3 
I .0
o.o
1..0'
I .0 _
O-.O
I .0'  3  
I -O'
0.0
• 1 .0
0.5
0 -O' 
•0 .5
wwvwww
3 4 5  6 7 8 9 1 0 1 1 1 2
W I N D  P E R I O D
0 . 0  (M/S.)
E_ -1. .0 
_ I .0
0 . 0  ( M / S )
-1 .0 
_ I .0
0 . 0  ( M / S  )
E..-1 .0 
1-0
O'.O ( M / S J
7
r I  1
x (> X :
E_.-l.-C 
0 - 5
0 . 0  ( M / S )  
..-•O' - 5
15.OJ
c u r
10.0
-ii ifnn jm rpTi t| i-i i r-| i m »111 itj i ri-i) m-T|i u 11 in i )'i 1111
0 . 6  - 0 . 4  - 0 . 2  O.C 0 . 2  0 . 4  0 . 6
-0
3
2
i
0
. 1
2
i-n-r | i i i t 111111111111 n-i 1.11 i i j i i i i 11 i i i j i i i i 111111 m  i p  r r; j
6 -0 - 4 . 0  - 2 . 0  0 .0 2 .0 4 .0 6 -0
( M / S )
S'TATI ON Y 0 3  2
WIND (M/S)
D E P T H  10 M
168
m/si
B  .
C M / S  )
c-.
f M / S  >
D .
( M / S )
E .
( M / S )
F .
7
FREQ •
R P R I L  1973
10 11 12 13 14 15 16 17 18 19 20 21
I -0
0.0
1.. 0‘
I .0-
0--0-
I .0 .
1 .0-
0 .0
1..0' .
I .0-
O'.O-
1 .0- .
0 - 5
0 .0-
1 2- 3 4 5 6 7 8 9 l-O' 11 12
W I N D  P E R I O D
0 . 3
10 .OJ
-0.2.
p T q f t rr p S w f  111111 ii 11111111 i 11111 [ 1 u  i m i )  nil 11 m  [ •— | i-i rrp -i 11[ 1111111 ii | m i  n  rii'ij'f i r r r n n 'pm i . 1 m  111 h  | i-i 11]
6 .0 - 4 . 0  - 2  .0 0 . 0  2 . 0  4 . 0  6 -00-6 -0-4 -0-2 O.C 0.2 0.4 0-6
(M/S) WIND (M/S)
S T A T T O W  Y 0 4  2. D E P T H  4 M
-
> I  (
.
> f
ri
i -irr P I  1, j , j
. c
{) * < 1 :
0 .0 ( M / S )
I .0 
I .0
0 .0 ( M/S.)
l-.c
I .0
o-.o ( M/S.)
1 . 0  
I .0
0 .0 ( M / S  )
1 .0 
0 - 5
o-.c C M / S  )
O'. 5
169
( M / S )
B .
( M / S )
C .
CM/ S)
D*.
CM/S ).
E .
y m/ s  )
F •
X
FREQ •
A P R I L  19-73
10 11 12 13 14 15 16 I? 18 19 20 21
0 .0
I .0' .3 
I -c- _
0 .0
•1 .0- 3 
0 . 5
o .a
• 0 - 5
r-i ■J o I f
 1— I--------- 1— i— r— i--- 1— i----- n — i— r
i 2 3 4 5 6 7 8 9 10 U  12
W I N D  P E R I O D
L O'.O CM/S.)
0 . 0  CM/S.)
.L 0 . 0  ( M/S.)
-1 .0 
_ 1 .0
L. O'.O (M/S. )
-1 . C 
0 . 5
. . 0 . 0  ( M / S )
1.-0- b
320 -0_
2
i
010.0_
( M/S )
1
2
- 0  .3| l I Iip -ITII 1111| M H | I'M  t| lifqiTIIJM l-llm>| iff) | j 1111 n  ri'i-n 111 m - rp TTT-p-rni 1111| 1111 [ 11111 u  i 11 hi i) l-i-t i-j n-n]
6 .0 - 4 . 0  - 2  .0 0 . 0  2-.C 4 .0 6 -00.6 -0.4 -0-2 0.0 0.2 0-4 0-6
CM/S)
S'T A T I 0 N Y04. 2.
KIND (M/S)
D E P T H  7 M
170
» M / S  1
B-.
r m / s  l
C-.
( M / S )
D •
T M / S )
E .
I M / S  )
F .
7
FREQ -
APRIL 1-973
10 11 12 13 14 15 16 17 18 19 20 21
1 -O' _ 
0.0'
1 .0’ 3 
1 -0 _
0 .0
•l.C' 3 
0 . 5  _
O.G
•0.5
4—i-----ir
 j— ,- - - - - - - 1— |— i— |- - - 1— [ n  i— r
i 2 3 4 5 6 7 B 9 10 11 12
H I N D  P E R I O D
• O'
O'.O I M/S.)
1.0 
1 .0' 1 .0
0 .0 (M/S)
-1.0
_  1 .0
0 . 0  ( M / S )
.-I.. c 
, I .0
. O'.O ( M/S.)
. O'.O (M/S,) 
-O'. 5
1 5 - 0
10 .0_
11111 ii ii-j ii 11111 if 11111111 u j n ii | m i  | ii Vi 11 ii i |i 11 i | H ii] I I I I 11 I I I I I I I I I | I I I I I I 1 I I | I I I ![ I [ I I | 111 I I I I I l | I ! I ! I r ! IT
6 . 0  - 4 . 0  - 2 . 0  0 . 0  2 - 0  4 . 0  6 . C0.6 -0.4 -0.2 0.0 0.2 0.4 0.6
( M/S)
S T A T I O N  Y 0 4  2
HIND (M/S)
DEPTH 10 M
171
t'M/'S )
B .
' M / S  1
C.
I M/ S )
D .
' M/ S 1
E ..
f M / S )
F .
7
FREQ .
R P R  IL 1973
i .a - 1—1— f  I 1 I I 1—1— 1— 1 I I I 1-—1—1—1 t_ l  I I I I 1 I 1 I 1 1 1— 1 I
0 .0  I M/S.)
0 . 0  (M/'S.)
1 .0 J 
i .c- __
o-.g- A
0 .0’
■ O '.S
X (b
 r— j------------j— , ,— |------- r— i----- n — i— r
l. 2. 3 4 5 6  7 8 9 10 1 1 12
W I N D  P E R  IOD
o .o r m / s .)
0 . 0  ( M/S.)
L-i .0 
_  O' .b
. 0  . 0  ! M / 'S  )
- 0  .5
3
2
15 . C J
i
-o-.c10. o J
t M/ S )
I
2
3p i n I ffl i| im| 111 ij 11 ii| n n |i in| 11 n|'i n i jn i r| h ii| m q 1111 |.i 111 j i-i 1111111 j 111111 i i  i-| 1111| i i  111 m i  1111111 h i  r;,n'H j
6 . 0  - 4 . 0  - 2 . 0  0 . 0  2 . 0  4 . 0 6 -00 . 6  - 0 . 4  - 0 . 2  0 . 0  0 . 2  0 - 4  0 . 6
1M/S )
S T A T I O N  Y 0 4  2.
WIND 1 M/S )
D E P T H  4 M
( M / S l
B- -
? M / S  ).
C ..
( M / S l
Q-
C M / S 1
E .
( M / S  )
F .
7
FREQ ■
172
R P R I ’L 1973
I * 0  — I— i— i— i— I i i-1 .1. i i i l.i r i l  i i i T i » i I i i- i 1 i i i I i i u J  i t- i I
0.0- J
I .0 3 
I .0- _
0 .0
■I .0- .3 
CK  5 _
f
 p |-------- — ]— |— |— |---- j— j----n — i— r
i 2 3 4 5 6  7 8 9 1 0 1 1 1 2
W I N D  P E R I O D
1 .0
L. 0 . 0  ( M / S  )
0 .0 ( M/S.)
O'.O (M/'S.)
O'.O ( M/S.)
L-i .0 
_ 0 .5
O-.C ( M / S  ) 
-O-.S
3
2
I
C U R  .
-o-.o
2
3o-.c riTTyr-rrr-piT r|~m  i | n-i-i 111111 i-i'i U 11111111 ' "1111111 n i | i m 11ii i nil i i]trnfi 111| it 111 n 111 ii m  1111[ 11111 m  qm-iprn]
6 . 0  - 4  .0 - 2  .0 0 . 0  2 . 0  4 .0 6 -00.6 -0.4 -0.2 O.G 0-2 0.4 0-6
( M/S )
S T A T I O N  Y 0 4  2
WIND (M/S)
D E P T H  7 M
173
ftP R I L  1973
10 11 12 13 14 15 16 17 18 19 20 21
1 * 0 J —i... i ■ i—L_i—i—i_I i i i 1 i i i 1 i i i I i j  i 1 i i i I t i- i- 1 i- i i I i i i I
' M / S l  0.0-
( M / S  1 0 .0-
( Mas i O'.o*
-l.-G 3 
1 .0 _
D
CM/S). 0 - 0
- 1.. 0- .3 
0 - 5  _
E.,
( M / S )  0.0' 
-O'.S i — r
2
"i— i— i----1— i--n— i— r
3 4 5 6 7 8 9 10 11 12
W I N D  P E R I O D
0 . 0  ( M / S )
0 . 0  C M / S )
O'.O CM/S.)
L-1.. c
- I .0
O'.c ( M/'S.)
E_ - I. • C 
_  O'-S
O'.C CM/S.) 
.-■O'.S
20 .0
15 . G _
^  ® ©
1 0 .0 J -0 .0
F R E Q  .
- 0 . 3— ii i ijinT [inrfn 11[ n n i1 n i~] n rr|Tm j n i q;i m p'-rn T^ Vrj 
0.6 -O' - 4 -0-2 0.0 0.2 0-4 0.6
i rn-|Tm|ri1111n i |mi |mi  |rni-|rni-pvri]rm[inr|irn
C M / S  )
STATION' Y D 4  2.
WIND (M/S)
D E P T H  7 M
174
a. IC
t M / S  I 0 - 0
A P R I L  197.3
10 11 12 13 14 15 16 17 18 19 20 21
-i—j—i—L_i—i i I i i i—L-i—i l . I i i—j .l-j i t I i i < I i < i i i t i L_i i l_L
B .
CM/ S)  0 . 0
1 .0 A
t .0 _
c.
c m / s )  o-.o
-1 .0' .3 
1 .0' _D .
( M / S )  0 . 0
-1.0 
E.. a S -
(M / S  ) 0 .0
-o-.s
o
"79 ir
JL
 (— j-------- 1— j— |— j------ j— j---- n — f— r
i 2 3 4 5 6 7 8 9  1-0' 11 12
W I N D  PE.RI0D
1 .0
L O-.O ( M/'S )
EL- 1- • 0 
I -0
O-.O ( M / S  1
L-i • c
_l .0
0 . 0  ( M / S )
L -1 .0 
_ I .0
0 . 0  ( M / S )
. O'.C ( M/S )
,-0-.b
FREQ •
20 .0.,
CM/ S)
»fTr-iftr11|111111111111n jriit|mipin|Tirip m j111ir|r111i-i i H11 nj 1 fin i i-i j t t-i i| 111 n 1 n-| 1 n [ I-. iTiirnpn n^rvr]
6 .0 - 4  .0 - 2  . 0 0 -C 2 -C 4 .0 6-.C0.6 -0.4 -0-2 0.0 0-.2 0-4 0-6
f'M /‘S )
ST A TI Q N Y 0 5  1
WIND (M/S)
D E P T H  1 M
175
A P R I L  1973
10 11 12 13 14 15 16 17 18 19 20 21
D'.
( M / S )  O'.O' 
- 1.. O'
E ,  °'b
( M / S )  0 - 0  
- O ' - 5
M
 ! 1--------- 1 1— | 1----j— I-----TT— I— T
I. 2. 3 4 5 6  7 8 9 1 0 1  1 1 2
W I N D  P E R I O D
0 -0  ( M/'S )
I -0
0 - 0  ( M / S )
G
G l . - O
( M/'S ). O'.O' ..
_ 1 .0
O'-C ( M/S )
E.-1 .0 
0 .5
0 - 0  (M/S. )  
- 0 . 5
“/
FREQ • ( M/'S )
rrrqiiTi|n ii-|nii|mi|titi|m 1111 n|in i prii[n 1111 ni[ ^ii i ;i i ii<| mt i [ii ii j i i-i 111111 j! 111 ir m  j'iitiii rnp-j 11 |ti k j
6 . 0  - 4 . 0  - 2 . 0  O.G 2 . 0  4 . 0  6 . C0.6 -O’. 4 -O'-2 0.6 0.2 0.4 0.6
CM/S).
S'TRTIQN Y05 1
WIND (M/S)
DEPTH 4 M
176
A P R I L  19-73
10 1 1, 12 13 14 15 16 17 18 19 20 21
R.
1 M/ S 1 O-.O'
- 1 . 0 '  .3
1 .o-
-Lx. i , ) X _ 1 I I I I I- I '__L— L I 1 ' 1 I 1 1 I I ' 1 ' I , I j t>4>4 ,
B .
' M / S )  0 . 0
i-.o ._=
1 -O' _C .
CM/S I  O-.O
1 ..0  3  
1 .0 _D .
(M/5) 0-0
-1 .0 
E.  0 5
( M / S )  0 - 0  
- 0 . 5
7
FREQ
7 k' ...... ( fr
1 T
2
<> -
i
4L
T 7--!-- T 1— i— r— i- - - r
3 4 5 6 7 8 9- 10 M  12
W I N D  P E R I O D
1 .o
L  O-.O CM/S.)
L - 1. . 0
r- 1 -0
O-.o ( M /S.)
L-i .0 
_ i -o
O-.C CM/ S)
L -1.. 0 
1 .0
0 . 0  ( M/S.)
L -1 .0 
0-.5
O-.C CM/S ) 
-0 -b
CUR
-o-.o10 . G_
-0.2
MTrffi'iTj i-iTi^r \ iTjiTi i ji in |i i-rrp TTTTTr|
0.6 -0.4 -0.2 0.0 0 2 0-4 0-6
—  yi111111] itii 111 n 1 11111111111ii i|.i it i| n  11-| 11 ii[111 if n n |
6 . 0  - 4  . 0 - 2  .C 0 . 0  2 . 0  4 .0 6 -C
mp11 i 111f pfity
(M/S)
S'TRTTON Y 0 5  i.
WIND CM/S)
DEPTH. 7 TT
177
ft. 1 0
CM/ S)  0 . 0 '
R P R I L  1-973
10 11 1? 13 14 15 16 1? 16 1.9 20  21
-JL_]—U —I—I- I I I I L_J I I I 1 I I I I I L  I I L-J 1 I I 1 U_I I I I I  I L_
-1..0' ._3 
I .0 _
B .
(M/ S) .  0 . 0
c .
( M / S )
0 .
( M / S  )
E .
( M / S )
■I .o- 
I .o-
O'.O’
■1.0- .3  
t .0 _
0 .0
I .0 _3 
O' .5
0.0
•o-.s
FREQ
1 .0
0 .0  ( M/S.)
L - l  . 0  
_ I .0
O'.O (M/S. )
L-i . 0
_ l .0
0 -0 ( M /S.)
L-i -c 
_ 1 .o
O-.C (M/S. )
! j
 t .
i ,
i, 1
4 r t  | x <>
1 i 
i i 
i | H
1
> i * J
*
L-i.-o
0-5
0 - C ( MAS ) 
-0 .b
3 4 5 6 7 8 9 10 11 12
W I N D  P E R I O D
O'. 3
2
15 . 0 _
1
CUR
-O'.C
( M/'S )
3 —  -i-i^  11111 [ 11111 n n  11 ii 11111 ij ii 11| in 11 i-i n | nii| itti |.i in j
S'^0 - 4 . 0  - 2 . 0  0 - 0  2 . 0  4 - 0  6 - 0
11 tl| 111 HI TlT |.l 111| IHI ].1HI j 1111| 111 Ij 11 llT*Tl |T| II m ill 11
0 . 6  - 0 . 4  - 0 . 2  0 . 0  0 . 2  0 .4 0 . 6
CM/S )
S'TRTTON Y 0 6  1
WIND (M/S)
D E P T H  4 M
178
R P R I L  1973
10 11 12 13 14 15 16 17 18 19 20 21
0 -0 t M/'S )
1 .0' I .0
( M / S  ) O'.O O'.O I M / S  1
O'
0 l.-O
(M/S). 0 .0
O'
O' I .0
4 5 6 8 9 10 1 1 1 22 3 7i
O'.C (M/'S)
W I N D  P E R I O D
°A
FREQ .
20 .0 3
2
I
010 .c_ —  ©  J-'-
( M / S  )
. I
O'.O .3m i |.i 11 i j ii irf i iin111111h i | i i  »Tf 1111|iTnyrin*[r: i i | in  i [ ■t i l iT H T ijT n i  |"iT-ri | 1111111 i i 11 i i 11,i i-i 111 i i i j i  11i j i  r i f| i
6 . 0  - 4 - 0  - 2 . 0  O'.C 2 - 0  4 - 0  6'-00 . 6  - 0 . 4  - 0 . 2  0 . 0  0 . 2  O'.4 0 .6
(M/S)
S'TRTI ON Y 06 1
WIND (M/S)
D E P T H  7 M
179
R P R I L  1973
0 . 5  _
E..
f M / S  1 0 .0
-o-.s
7
FREQ •
20
0
!M/'S). 0 . 0
.0
.0
,e_ o-o Ma/S'j
.0
.0'
0 . 0  ( M / S )
0
0 l-.c
( M / S )  0 . 0
 ^1r x ? $ ?2 < O'.O (M/'S)
--•O'.S
2 0 .G
1 5 . G_
10.0_
iii'i'jinijiiif|Tiii|nii|iiii|Mir;i[ii|niniinpm'|iiH|
0.6 -0.4 -0.2 O.G 0.2 0.4 0-6
3 4 5  6‘ 7 0 9 1 0 1 1 1 2
W I N D  P E R I O D
G
c u r  .
-i
( M / S )
3
2
1
w / J® /  „ -
_____
. ©
0
I / ©
2
3 •jTTTrp m 111) i[ 111111111[ 111r | n i i j n  n 11111| 111i [ 11111
6 .0 - 4  .0 - 2  .0 0 . 0  2 . 0  4 .0 6 C
( M/S )
S'TRT I ON Y 0 7  1
WIND (M/S)
DEPTH 4. M
180
R P R  I L 19-73
10 11 12 13 14 15 16 17 18 19 20 21
9.
( M / S )  0 . 0 -
-1.0 3
0.5 _
f M/ S ) O-.O 
-0 .S
F .
T
FREQ .
*
! - * ■
i — i----------1— i— !— i---1— i----- n — i— r
2 3 4 5 6 7 8 9 10 1 1 1 2
NIN'D P E R I O D
( M / S  1 0 . 0 - 0 . 0  ( M / S )
1 .0 1 .0
CM/ S)  0 . 0 0 . 0  ( M/S.)
1 .0- 1 .0
0 .0  ( M/S.)( M / S )  0 . 0
_  1..C
O-.O t M/ S )
L-l .0 
_  0 • S
. 0 .0 C M / S ) 
.-O'.S
15 • G _
10 - Q _
? M/'S )
— '■i-i i-i] 1111 j n  1 1 |n 11-| n i-i 111 i-i| r rn |~n  i11n i i | i n i | 11111 i n i  j
6-.0  - 4  .0  - 2  .0  0 -C 2 -C 4 .0  6 -C
i riTp rri j f  ii rp  111[ h 11111111111 i ;iti if ii  I'lTrTrqm Tyi’in ]
0.6 -0.4 -0-2 O-.O 0.2 0.4 0.6
( M/S )
S'TRTION Y 0 7  1
WIND (M/S)
D E P T H  5 M
181
A P R I L  19-73
10 11 12 13 14 15 16 17 18 19 20 21
c.
! M/S) 0.0- 
-1 .O’
O'. l '°'
f M/S 1 0.0-
-i..o- 
^ 0--5
('M/'S ) 0.0
-0 .5
7
FREQ
I I  1  I
 !— i--------- j— n — i 1— i---------n — i— r
i. 2 3 4 5 6 7 8 9 10- 11 12
HIND PERIOD
1 .0 I .0
r -  I  * 0
0 .0 ( M/S.)
L-1. • 0 
_ 1 . 0
O'.O (M/S)
L I -  • 0 
_  0-b
. O'.O (-M/’S.)
O'. b
CUR .
— rrrrpTTTjn rr-[ i rn1111111 m |1111 |.im t j 11 n |in i [ 111111111 j
~6'-0 -4.0 -2 .c 0 .c 2 .c 4..0 6’-C
u iTpTrn~nTTf i rrT[i i i i | i 11 i j i m n 11 [i 11H11 H|
0.6 -0.4 -0-2 O.C 0.2 0-4 0.6
( M/S )
S'TATIGN Y07 2
WIND (M/S.)
DE.PTH 4 M
APPENDIX E
LONGITUDINAL PROFILES OF AVERAGE DETRENDED 
NONTIDAL CURRENTS DURING EACH WIND PERIOD
182
LO
NG
IT
UD
IN
AL
 
PR
OF
IL
ES
 
OF 
AV
ER
AG
E
oo
CO
•H
a
m
co
vO
vo
o
I
CO
H525
W
53
8
Q
w
H
25
O
25
QWQ
21
S3Eh
W
O
/— s
•
Cl
P«
<!
CM
rH
O
o
CM
O
O■U
t—1 0
Cl
T3 a
O <
•H
oCU rH
PM
OTJ O
S 00
•H i— 1
52 w
.
0)
Cl
rfi
CM
CO
ao
•H4-i
cd
Cl3
Q
/“N
CO
"e
Td >»
<u u o
T3 •h  m
Cl a  •
CU O  rH
Cl r—1 I— 1
O CU rH
CU > OV CM
Q CO o lO
Td t H o o
CU Cl K  
bO "H <C
o rH
1
cd 52
Ci
CU 1— 1
> cd
<1 a
°H
td
3
■P
• H O  
00 CO
a  c»
o  o av 00
hJ 1— 1 rH
CO © a
•H o CM
3
Cl T3 
CU C
CU
bO
CU
CJ _3
O  <1
o
Q
a>
>•H
4->
cd
bO
(U
53
i— l r—1 Cu
•H •H Cu
Ci U
Cu a 1
< <
cu
00 vO o >
Cl rH CM •H
•H T3 4-J
rH O O O •H
CU *H u 4-J CO
0  Cl O
cd cu o O PM
CO PM rH i— 1 v >
183
CM
CM
l
fO
>-
I
ro
>”
I
CM
>-
CM
i
o
©
E
o
©
co
E
o
©
CO
E
o
©
CO
E
o
CD
CO
E
CM
OO
CM
O
CM "7 
* ©  O
t  <  o
>- E
0
1
I
1^ *
CM d 
l ©
o
©  o  
CO M .. \ o 
>” E
O'
l
' o  
! ©  ^
c d Q.
>  E  O
0
1
— o 
» ©  Q.
in > o 
>- E
01
o
"sT
>-
</> O _
o
01
CM
O
l
V 
s,
s,
V 
\  
\  
\  
V.
K
O
CM
(W) H Id 3 a
w
O
s
w
5
Pmo
c/3
w
(H
w
PHo
PS5
Pm
*<
53
l—l
Q
tP
H
W
O
53o
.J
C/3
H
w
53f*j
!=>
O
3
Q
M
H
53
O
!3
«
W
Q
53
W
Pd
H
W
Q
CM
X)
O
•rl
}Mcu
Pm
X)
5
»
o
o
•<r
• iH
o
CO co o\•H « •
CO
/—\
CD
'eV_r
y*»S
o xj so .
U cu 4-iQ
0+ X) •h  m
<1 a a •cu O rH
CM u rH i—1
r—1 u CU rHcu> CO oo
o Q CO VO <y\
o X? *H e
at S >< CO CM
rH 00 •H <j
co &O u
4-1 curH> CO
o ■< a
u •H
Cu X3
< t>
4-1
CM •HO
rH 00 cr>
a co
O o o
o tH CM -0"
CM CO o CO
O •H o «
CM «H
.
CO
JM
CM
4-1
C . a ndo cu a
•H H cu
4-1 H 00
CO 3 CU
Jm O |H
3
Q
00
a•H "d 
rH O CX »H
e u
CO (U 
C O  p.,
O  <1
u
St<5
vO
o
u
u
cu
<
o
CM
O
4-1
O
n
a)
>
•H
■P
CO
00
a)
S
cO
cu
Jm
4 J
CO
Cu
to
CU
>
•H
4-1
*H
CO
O
Pm
184
CM
CVJ o
<D
ro
E
E
o
<D
(A
CVJ \
E
cnj 8
I w
£
o
<otn
V
E
CM
I
CM
O
o ’
CVJ "T
' S o  
t < o
>“ s
o '
I
—  o
I <D
>“ c
o
o'
O'
I
o
U) 4® Q .
>-  e  o
0
1
-r °  
— 6
' S  Q.in •> o >- E
Oi
o
CVJ 6
* ® /-Nw 0_ 
vr \  o  
>  E
OI
CM
o'I O
CM
(w) H I d  3 0
o
o
<r
u
<3
w rH
o
a
C/5
H
O
o
w S3 CM
> W rH
<3
pci o
Pn & CO 4J
O o
T3 Om O M
w •H Q*
►j Q J-i <3
H M CU
pH H PH CM
O p; i—1
Pd O rO
Ph S3 C o
•H o
i-q Q Cs -a-<3 W rH
53 Q
M 53
o o
S3 2 CO
H EH J-l1—1 M j3
O Q
53 vO
o h -
►J
eo
"H
•M
cO
>h
3
Q
rH rH
00 VO
CO e 0
•H
a
CM
i
CM
1
CO
T3
CU 4-10
TO •H i/O
P3 O •
CU O rH
rH rH
4-1 CU rH O
(U P> i—1
Q CO • ®
T3 -H CM i— 1
CU P3 K 1 1
60 •H <3
CO
IH
CU l—1 !
> CO ;
<3 id
•H
nd
3
4-1
•HO 
60 CO 
fi OO 
O O  
t-3
CO
•H
a
4J
fl T3 
CU C  
H  CU 
H  60 
3  CU 
U  _q
<r
cr>
o
I
CO
o  <
o
Q
CU
>
•H
4J
CO
60
(U
S3
s
CO
(U
4-J
CO
» « POu u
PH PH II
<3 <3
CU
60 VO o >
P5 1— 1 CM •H
•H XJ 4-1
rH O O o •H
PH *H u 4-1 CO
0  n o
eO <U o o PH
CO PH rH rH
185
CVJ
I
ro
> -
o
Q>
CO
CVJ
O
o
o
0
1
I
ro
> -
o
Q)
CO o
o
0
1
i
CVJ
> -  e
o
O</)
V . o
0
1
CM
)
o
QJ _
co O
^  o  
E
O
l
I
o
to O
O
i
CVJ
O
i
O
\
s
V —  6
i a>
s t  ^
V E.
V
3
CM
o
CM * - r  
'  *  O
t  <  O '  
>* E
O
I
O
CM
o
o '
o ‘
I
o) Q)
m  «  o,
> -  e  o
0
1
V
■s. _  o
S —  o
1 £  Q
m  ^  os > -  eN.
s. __
V o
^  o
CM d
• ®  ^
. <o O.
0
1
CM
o "
1 o o
CM
(w) H Id 3 a
oo
(0
• H
a
m
CO
o
m
/—V
HiP
<1
m
ppo o
<c CO oEH oW 55 o
> P<3 pd o
s 4-1Ph po o <r B
uCO P P CUp <3 O <3p Q •Hw P M < r
pH H <U po 55 PHPS O oPH P X) oa CM
P Q •H p
<4 P JS
55 QM [23 B
Q CO
P PS uEH Eh p
W W
O Q CM
55 r—1O
P co•H4-1
COHi
PO
pcu HOp •h mc a ->cu o P
u p  p4-1 cu pcu > O r^ -Q CO m SOP  *H B B<u P X CO m
too •H <
<0 5=
Hi
CU P
> c0<3 P•H
PP4-1
•HO 
too CO P3 00 O O
P VDCO vO ■<}■
•H • •
CM m
4-1
a  p
acu
toO
0)
U P
O  <1
o
Q
(U
>
•H
4-1
cti
toocu
55
0
cO
CU
u
u
CO
a.B B p
Hi H
Cu P 1
< <d cu
toO vO o >
CJ P CM •H
•H P 4-1
P  O O O •H
Cu P 4-1 4-1 CO
s u Ottf cu o o PH
CO PH p 1—1 s—"
186
CM
CVJ d
’ S o  
>” E °
o
o>
W
E
o
a>
<n
CVJ \
E
CVJ s
E
aa?
to
E
CM
CM
O
CVJ -7
• S o  
t  <  d ‘ 
>* E
O
I
t
h-
o
® oiA V.
v  > °
O
1 ® ^ CD 4? Q.
>- E °
0
1
—  o
1 S Q.
ID >  O
>- E
Oi
^  o
CVJ o 
t (s> O  
V  E °
0
1
CM
o "
I o
CM
(w) H 1 d 3 Q
o
o
Mr
w
o
s
w
5
Pm
O
m
w
p
M
PM
o
Pd
Ph
353
M
Q
P
H
M
O
53
O
h3
CO
Eh
53
cd
13
C_3
8
H
53
O
»
Q
W
W
Pd
H
W
Q
LO
X)o
•H
Ph
CU
PM
XJ
a
i—i rH LO00 •<r
CO o •
■H o
1
o
<d/—\
CO
" eVH
X> >*>—\ CU 4-J :
« X ) *H
£  CJO
P cu o m
<3 Ph rH •
4J aj hm CU >  rH
rH P  rH CO r~-
XJ r'- ovO CU £  CO o •o bO *H  *H f-H O
O «  J3 1i—1 Ph < |
CU rH
o > cd
4-1 <3 £
*H
• XJ
Ph 3
CM 4-J
<3 •H
bO
LO £ 0
r—1 O  co
P  00o O CM vO
o CM CM
o co • •
o *H CM rH
CO
ph
xs
ao
•H
4-1
cd
Ph
3
P
n
u
3  X 3  a) 3 u a>
Ph bO3 a) 
O  1-3
bJO
£
■H XJ 
.H O 
Cu *H
0 H
cd cu 
w  pm
O  <
PH
P?
<
ID
PH
<3
o
CM
O
«H
O
P
II
CU>
•H
4-»
cd
bO
a)
S3
0cdcu
ph
4-1
CO
CM
33
CU
>
•H
4-J
•rH
CO
O
CM
187
CJ
i
£
CJ (j 
I Q>
ro <  
>- E
t
ro
>-
o
d>
40
I
CVJ
>-
o
o>
<o
CVJ
t
o
a>
40
Oa>
40
O
l
O
O
I
Q ~ — O'— ©
CVJ
CVJ
O'
O
CJ
> S  o
<  O' 
>" E
O
t
—- o  
i a> 
Is- 4? 
>■ c=
O
O '
O'
I
o
8 Q>
J) \  g .  
>- E °
—  o
S w  O. 
in ^ o >» E
O
i
CM 6 
i a> 
. co 
Sf \
>" E
1 O
O
o
0
1
CVJ.
d
o
CVJ
T
o oCVJ
(w) H I d  3 Q
wa
w
pH
o
w
w
HI
I—I 
pH
o
P4(U
13I—I 
«  
&  
H  
M  
O
O
H
CO
H
32<
W
53PS
P3
o
Q
M
H
§
53
Q
W
Q
13
H
W
Q vO
CJ
O
*H
P
CO
P
o
Q
co
oo
m
•H
a
XJ
(U
0'-z
P
/■v XJ •H ‘• a CJ
p <0 O Oex p f—1 LO
<3 p
CU
CU • 
A* rH
vO
i—1
c=i
cu
rH 
XJ rH 
C .o GO •H CO
o
CM
CO
P
Is *H 
%O CU
>
rH <3
co
vO
O
P
<! c
•H
XJ
3
XJ P Po ex •H
•rH
P
<3 GO
3
CU LO O O
Ph rH HI CO 
CO
T3
a
O
o
O
•H O CO
IS i—1V-/
CO
P
H3
•H
a
ci x» 
a) a p cu 
p oo 3 cu
CJ H
00
c
•H X) 
iH O
ex -h 0 pco cu
co PL,
LO
CM
00
r-'-
r^-
<3\
p
%<3
vO
CO
r''.
co
to
CO
CM
LO
o <
pex
<3
o
CM
0
cOcu
P
P
CO
o
Q
cu
>
•H
P
cO
00cu
13
0
CO
CU
p
p
COex
cu
>
•rH
P
•rH
COo
Ph
188
OJ
OJ
I
ro
> -
i
ro
> -
i
CJ
> -
CJ
I
o
<Din
E
o
CDin
E
o
o><n
E
o
CD
(A
E
o
CDin
E
CM
CM
O
O
CJ
• S o  
<  o' 
>“ E
—  o  
« a> o
o"
I
I
i£>
>■
o  
0) ^  « o 
j= o ‘
0
1
■—  o
1 £  Q.m > o 
>■ E
0
1
_  o
CJ o
I <D - to O
t  E °
0
1
CM
CM
o"
‘ o o
CM
(w) H I d  3 Q
W£W
5
Fn
O
m
w
►4w
Pmo
Pi
p-l
3
aM
o
HM
O
o
1-4
C/3
EH
S 5
W
£3Pi
P
CJ
QM
Eh
J3O
525
Q
W
Q
5a
Eh
W
Q
T3O
•H}H
QJ
Pm
TO
G
&
o
o
rH o o
30 vO
CO © •
•Hbd e g rH
<q
CO——^
e
nr) to
CU 4-J/—\ 03 *H• CJ aP4 CU OO
ex U rH m
<3 4-J CU •CU >  rH
e- Q  rH
r—1 T3 rH 03 COcu CJ COO bOH CD • •
O CO 'is *H rH o
CO U XO CU rH <q
> CO
O <3 CJ
4-J •rH
n3
• 0
}M 4-J
ex •H
<3 60
CJ
vO OO
rH i-4 co
00o O CO
O <3 00
eg CO •
O •H £5 o
1
<3
CO
>M
X3
iO
CN
CJ
O•H
■l-l
cfl
Jm
3
Q
CJ T3 
a) a
J-l CU 
Jm  60 
53 CU 
CJ _3
00
G
•H T3 
r—I O  
CX *H 
6 »Mco CU 
CO PM
o  <
u
<J
o
eg
o
4-1
u
3 1<o
o
eg
o
4J
6c00)
u
4-J
CO
o
Q
CU
>•H
4-1
CO
t>0
(U
!a
Icuu
4-J
CO
ex
!=>
I
CU>
•H
4-J
•H
CO
O
PM
189
c\J CVJ
CVJ
t
ro
>-
o
0>
to
—  o
I 03 1 to
fO N
>- e
i
CM
>-
o
<Dto
CM
I
>  3
Q
O
CVJ
CM
■ o• Q>
h"
>- £
—  o  
I <»
h- <  
>- c
>- £
l
m
>”
CM 6 
i <u . to
>- £
O
O
o
X
o
CVJ
o
CVJ
(w) H I d  3 a
o
<1-
w
pi
w
<3
Pmo
C/3
W
.J
M
Pm
O
P<
PM
53
o
53
O
tJ
CO
H
53
Pi
S3
CJ
5j
Q
M
H
3
O
3
Q
W
Q
3
W
Pi
H
W
Q
00
T3
O
•H
Micu
PM
T3
3
“rH
rs
rH O o
1— Ch
CO • •
*H
id
rHI 1— 1 1
/'- 'V  <Q 1 1
CO
" s
V -H '
T3 >>
cu 4-1
/"-s °H© C a
u CU OO
pH Ml i— i in
<3 4-J a) •
a) t> rH
r>. Q rH
rH T3 rH 1— VO
a) 3 00 I''.
O 00 •H CO • a
o 3 3  *H CM CO
m Mi X 1 1
rH W rH <3
> CO
O <3 3
4-* •H
nD
• 3
Mi 4J
CL •H
<3 00
3r- O O
rH hH CO
oo
o O rHo <3
CO CO c
o •H 3
CO
Ml
X
3
O
•H
4-J
Ctf
Ml
3
Q
U
cu
&ocu
CJ X
00
e
♦H T3 
rH O 
CL -H 
6 Mi 
3 0) 
C/3 CM
o  <
Ml
Cl
<3
O
CM
O
4->
vO
u
<
o
CM
O
4-J
O
Q
CU
>
•H
4-i
3
00
(U
53
B
CO
CU
Mi
4-1
CO
CM
u
CU
>
“H
4J
*H
CO
O
PM
190
CVJ
I
ro
> »
i
ro
> -
i
CVJ
> -
CVJ
I
o
<oV)
E
o
o
<D
CO
E
E
o
<*> ^ v> O
E
o
Q>«/)
E
CM
1 O oO
CM
O'
o
C M  ^
• S o
N *  <  O ’ 
>” E
r-
> ~
O'
I
o
i a> _
iO -4C Q. 
>“ E °
O
l
—  o
• E  Q. 
in > o 
>- ^
O
IV.
V
s.
s,
\
\
\
\
<$&
N,
s,
s
s
X
\
s
\
C M
1
o
co O
E °
0
1
CM
o '
i
d -
\
v
s.
N
X
O v,
X
N.
T
o
CM
(»JLi) H Id 3 Q
W
CD
2
W
pMo
c/3
W
rJ
M
Pm
O
ps!
P-i
!3
M
Q
CD
EH
M
o
25o
►J
co
H
a
W
S3PS
CD
o
3M
H
»
O
»
Q
W
O
W
PS
H
W
Q
O'!
XJo•H
Pi
0)
P-i
T3
C
•rH
E*
o
o
>d-
i— 1 CM rHr". CM
CO • ••H o
1
rH11 1
CO
"e
no tn
/-N 03 4-J
o nd *H
Pi c  oex 03 O O
<1 P  h  m
4J 03 •
OO 03 >  rH1—1 Q  rH
XJ rH <r 00
o 03 a ro I— 1
o M H  CO • •
cd ts *h rH CM
1— 1 p4 X 1 1
03 rH
o >  cd
4-J <3 C
•H
• nd
u 0ex 4-1
<3 •H
00
C'- C
rH O O
t-J CO
o oo
o o
m <! CM
rH CO vO
v_^ •H 25 •
* CM
03
u
X
ro
CM
e 4-Jo a
°H 03 a
4-J Pi 03
cd Pi 00
Pi 3 03
3 O hJ
O  <
s
cd
(13
M
-M
03
O
Q
03
>
•rH
+J
Cd
00
0)
25
00
a
•H tJ 
rH Oa. *h 
S Pi 
cd a> 
co pL,
Pi
CL.
<
o
CM
O
4-)
vO 
r—I
Pi
3<5
o
CM
O
•M
o
I—I
03a
CD
a>
>
•H
4-J
•H
03
O
PH
191
CVJ
I
ro
>*
i
CM
O
o
<DS> o
CM
I
ro
>-
i
CM
>-
CM
I
o
©to
0
1
o
o
0
1
0
1
o
to O
^  o
E
O
I
o
o
0
1
CM
0
1
<
O
T "
o
CM
I
>“
o
CM
o
o>
I
h-
>-
o
t»
«/>
>- E
in >  
>- E
CM
I
> ”
Q _
Q _
o _
O
b
v
CM
o
CM
(UJ) H I d  3 a
o
■o-
ov
c m
vO
o
CM
w
o
3
w
<3
Pm
O
CO
w
ij
M
Pm
O
Pd
P h
3
13
O
13
O
h3
CO
H
!3
W
Pd
Pd
Co
C_>
Q
w
H
53
O
13
Q
W
Q
13
W
Pd
H
W
Q
0
13 >>
CU 4-J
<TV 13 *H« 3  O
PH CU O O
CP pH rH ; LO
<! 4-1 CU »
CU >  rH
00 Q  rH
rH 13 rH
cu a
O 00 *H CO
O cO IS *H
rH Ph X
CM -CU rH
>  CO
O <0 cd
4-1 •rH
o 13
rH • 0
Ph 4-1
13 c p •rH
O < £50
•rH a
Ph CO oo
CU rH i-3 co
P h 00
o o
13 o
C CO
i—1 •rl
CO
PH
s :
Co
•H
4J
CO
Ph
3
O
a
C 13 
<U p j 
Ph CD 
Ph tUD 
3  a)
O  h4
PO
S3
•H  1 3  
rH  o 
CP *H
e pt 
co cu
CO Ph
VO
oo
13
Ph
CP
<0
o
CM
O
4-J
M3
OO
vO
CM
LO
VO
O  <3
Ph
a
<3
o
CM
O
H->
O  
i—i
O
Q
a)
>
•H
4-J
cO
£50
0 )
13
s
cO
CU
Ph
4J
CO
CP
p
cu
>
4-J
•rH
CO
O
P h
192
CM CM
CM o  
» (/>ro \  
>* £
o
8> O
fO ^
E
o
Q)
CO
E
O
CM ©
i «
E
o
CD
CO
£
CM
• O o o
CM
I
h-
>•
o
o>
CO
I
h~
>-
o<D
CO
O
o>
>- E
sn 
>-
o
<J)
CO
CM
!
o
O
6
CM
o
CM
(w) H Id 3 Q
w
55
3w
4
p tl
o
Pm
o
PS
PM
r-3<u
JZSMQ
EOH
I—I
O
S
o
hJ
COH
PZW
pcj
CD
CJ
co H
w  <3
►3 Q
EhSO
53
QWQ
25W
P3HW
Q
T3O
•H
Pj0)
P-i
TOa
•H
03
CO
o
o
r—I
3
4J
(3 c X )
O CU PS
•H u 0 )
4-J u 00
CO p j cu
U CJ 1-3
<t v Oco
co • •
•H o
1
r—1 
1I 1
CO
's
T3
at 4-J
/— s X) •H
• fl O
J-l 03 O O
q l— 1 LO
< •Ma> 03 • >  «Ha\ Q rH
r—1 TO rH CO r^ .a) PS CM O'*o 00 •H CO • oo co IS *H rH rHo >H >< 1 1iH 03
>
rH <0
CO
o <3 a
4-1
TO• 0M 4-J
a •H
<3 to
PS
00 O O
i— i 1-0 CO 
00
o o rH
o <3 rH
rH CO o
CM •H 25 CM
O  <J
3Q
00
PS
•H T3 
«H O  
CM -h
e j-i
CO CL) 
CO P-i
u
£r<3
o
CM
v£>
3-J P-
<3
o
CM
o
4-1
o
os
it
iv
e 
= 
Up
st
re
am
, 
Ne
ga
ti
ve
 
= 
Do
wn
st
re
am
193
CVJ
i
ro
>-
i
ro
>-
I
CVJ
>*
o©
CO
CVJ
I
o
©co
I
o
cutf>
CVJ
O
O
o
0
1
CVJ
O
o
0
1
Q
O
—  ,<1— <j- <1
0
1
o
0
0
1
o
o
0
1
CM
01
I
o
CM -r
t o
J  ©
(S. «
>- f=
V
V d
s, 1 ©
s, c0  4"
s, >■ E
s
V
V
I
m
>~
CM
I
—  o  
g ©
>“ c
o
o
CM
o
CM
O
CM
(UJ) H Id 3 a
ws
w
§
P-Io
co
w
pw
pMo
PS
P-i
!3H
P
P
HM
C3
S5
O
P
to
H
53W
PS
PS
P
o
pM
Is
o
53
Q
w
Q
!3
H
W
P
CM
P
O
•H
Picu
PM
P
a
•H
rs
CO
Pi
P
ao
•H
4J
Cd
Pi
d
p
o
o
<t-
^  <G
CO
'e
V-/
Pcu 4-1
x—\ p •H
a c a
Pi a) oo
CM Pi i— l UO
< 4-J cu ■>
CU >  rH
O P i— 1
CM P  P
CU PS
O 00 •H CO
O cd ES -h
O Pi
O CU rH <tj
> cd
O < a
4-> •H
P
» 0
Pi 4-1
a ■H< 00
Gav OO
pH p  CO 
00
O O
O
o CO
rH
3
G P
<u c
(U
00
cu
u P
00
c
•H P  
rH O
a  *h 
e u cd cu
CO PM
oo
co
o
vO
<
53
Pi
3-
o
CM
O
4-J
vO 
i—I
CO
I'-
o
I
OV
o
CM
CO
o  <
Pi
CX<
O
CM
O
4-J
O
P
O
P
CU
>
•H
4-J
cd
00
CU
53
gcdcuu
4-J
COa,
P
cu
>
•H
4-J
•H
CO
O
PM
194
CM
l
ro
>-
i
ro
>-
i
CM
>-
o
CM
i
o
Q>
(ft
>  1
Q
O
CM
CM
I
h-
>-
h-
>-
o
<t>
tn
CO
>“
I
in
>~
CM
I
>-
\
o
0
CM
O
CM
O
CM
(W) HId 3 Q
VITA
Kevin Patrick Kiley
Born in Malden, Massachusetts, March 17, 1946.
Graduated from Winchester High School, Winchester, Massachusetts, 
June 1964. Received B. S. degree in mathematics from Tufts 
University, Medford, Massachusetts, June 1968.
Commissioned as a Line Officer in the United States 
Naval Reserve, June 1968 and served on board a naval destroyer 
based in San Diego, California until August 1970. Employed as 
a systems analyst, Mutual Benefit Life Insurance Company, Newark, 
New Jersey from October 1970 to May 1972. Employed as a Methods 
and Systems Analyst, Chubb & Son, Inc., Short Hills, New Jersey 
from May 1972 to August 1975.
Enrolled as a graduate student in the School of Marine 
Science, The College of William and Mary, September 1975. Research 
Assistant in the Department of Physical Oceanography and Hydraulics 
of the Virginia Institute of Marine Science from February 1976 to 
October 1978. Employed as a Marine Scientist at the Virginia 
Institute of Marine Science as of October 1978.
195
